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BUPFERecscccccccccccccccccsc ec DMS 
BUPFEReccccc ccc cccccccccce es O@ll 
BUFFER TO CMOS ccccccccccccccccel 


BUPFER 6-6.6:6:0. 6.5 66.6 '6-6:0 6.64.8 6% 0:6 60's 4s 60we's LOZ 
BUFFER WITH OPEN DRAIN. cccccccccccccced 


BUPPER 6.66.6 ©:8.6-6:6'6:6.6:6.6:6: 66 6:66 66668666 ee Oe 


BUPEER © 60::6-6 6:6. 6:6 6.6: 6:0. sa: 0606-6 0068 e 06 6 oe SS Ok 


BUPFPER 6 6066 cs seb ces ocesessccetssivivecs2e=4 


BUFFER 


WITH OPEN DRAINeaccecccocscoesesé 


BUPFP ER 6:5 5.6006 6.056 Seles 66.65.0056 54% CES 


BUFFER 


WITH OPEN DRA INe< esses 0000066372 
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17-20 
17-22 
17-23 
17-23 
17-44 
17-44 
17-45 
17-46 
17-46 


17-41 


17-42 
17-42 
17-43 


17-43 
17=59 
17<-59 
17-60 
17-61 
17-61 
17-62 


17-62 


GATES 


BIDIRECTIONAL BUFFERS 


BTS7 3STATE 
BTS7D 3STATE 
BTS7L 3STATE 
BTS7LO 3STATE 
BTS7OD 3STATE 
BTS 7U 3STATE 
BTS78& 3STATE 
BTS8 3STATE 
BTS8U 3STATE 
BIS9 3STATE 
BTS9D 3STATE 
BTS9U 3STATE 
DECODER 

D38HR 

LATCHES 

LD1 DLATCH 
LD2 DLATCH 
LD3 OLATCH 
LD4 DLATCH 
LSR1 SRLATCH 
LSR2 SRLATCH 
LS1l DLATCH 
LS2 

FLIP FLOPS 

FDA 

FD1 

FDIS DFF 
FD2 DFF 
FD2S DFF 
FD2TS DEF 
FD3 DFF 
FD3S DFF 
FD4 DFF 
FD4sS DFF 
FD5 DEF 
FD5S DFF 
FD6 DFF 
FD6S DEF 
FD? DFF 
FD7S DFF 
FD8& DFF 
FD8S DFF 


I/O 
I/O 
[/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 


BUPPER «6:6 646 66e deed ems eee cece tes 
BUFFER WITH PULL DOWN. .cccccccccee/ 
BUFFER WITH LO POWERe ccc cccccccccel 
BUFFER WITH LO POWER OPEN DRAIN...4 
BUFFER OPEN DRAIN. cccccccccccccceeS 
BUFFER WITH PULL UP. .ccccccce cee 4 
BUFFER. cc ccc ccc ccc ccccccccccccccce dD 
BUPPER 6.6 606-0 0.66% 0% 06 06666 6 00:6 06557-8 
BUFFER WITH PULL UP. ccc ccc cece ee ef 
BUPFER ccc ccc ccc ccs ccc ccccc ccc 0 HMll 
BUFFER WITH PULL DOWN. .ccccccceeell 
BUFFER WITH PULL UP. .ccccce ee 6-11 


NON-OVERLAPPING 3 TO 8 DECODER/ACTIVE HIGH..47 


DLATCH INTO DLATCH 


GATE 6.66 ae area ww Be OS ere eo S-86o.w- 8 6 SS 6 0S SO 


GATED LO ss 6.5 0 Sb ON 66 ws 6666 0S HOES OSCE 
GATED LO obo oars 670 Owe 6 66S S46 6 OSC ee 
GATED CD LO 6i6:0:5 66 wae Tero Tee ee ee ee ee 
SEPARATE GATE... cc ccc cc ccc ccc ccccccce ed 


COMMON 


GATE 6.80 0:6 Sees ose eS6e se eee 


LSS D iis chs his Os Sw SOS SOO 05 OSS 


L590 4.444605 Os 64S OCS SO 


DFF CDM CDS SDM SDS) CPM CPS.cccccccccccccccel 


DE Es aioe: w 666-66 66 wwe 5 1000 0 Oe a6 00 0b oe Sw ee D 


Introduction I: 


SCAN s a0 660-0006 06s 606 SO0 66 6 eee 8S 


CD gio sees 010-0 056.0056 00 BES Ow 60S OSS SOO 


CD 


CD 


CD 
CD 


CD 
CD 
CD 
CD 


SCAN. @e@eeeeoeeeeeeeeeeoeeeeneneeeee @ 9 
TRISTATE OUTPUT. @e@eeeeee1eee3?3es@ ; eeeo 9 
SD. @eeeeeoeeceeeoeveaeseaeeseaospse*~esevseaeoeeeeneaeseeeee @ 7 


SD SCAN s:6:6 ow Soe wes eG ee eee kee LO 


SDecccccccccccsccccccccccccccccccee& 


SD SCAN 60.0566 0656 660 000-6 005 65 SOOO 
NO CPBUFSccccccc ccc cc ec ed 

SCAN NO CPBUPS és ss S600 eeu eee) 

NO CPBUFSs0s68 0054660 8e6D 

SCAN NO CPBUFS. cece ccc ccc eee eS 

SD NO CPBUPS. ccccccccccvree eH 
SD SCAN NO CPBUPS.ccccccccccvee ed 
SD NO COBUPS 6. ss s<é040 eee eed 
SD SCAN NO CPBUFS. cccccccccccee eS 
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PAGE 


17-10 
17-11 
17-11 
17-12 
17-12 
W-13 
17-13 
17-14 
17-14 
17-15 
17-15 
17-16 


17-24 


17-47 
17-47 
17-48 
17-48 
17-49 
17-49 
17-50 
17-50 


17-27 
17-28 
17-28 
17-29 
17-29 
17-30 
17-30 
17-31 
17-31 
17-32 
17=+32 
17-33 
17=33 
17-34 
17-34 
17-35 
17-35 
17-36 


FLIP FLOPS (CONTINUED) 


FUKA JKFF CDM CDS SDM SDS CPM CPS.ccccccccccceeeel™ 
FJK1 DRE «esc. bebe e eae We S16 ee ae owe eS Oe eae ee eee eeeweo 
FJK1S JKFF SCAN. cccccccccvcccvccccecetl=10 
FIJK2 JKFF 5) Rarer a eee eae ee ee ee ee are ee eee ee ee 
FJK2S JKFF CD SCAN. ccccccccccsccsccscesels-ll 
FJK3 JOKFF CD SD i666 ews S46 Rew eee 540s See LO 
FJK3S JKFF CD SD SCAN. cccccccccccvccccsvcceel3~l2 
FT2 TFF CD NO CPBUPS.ccccccesvcceseD 
FT3 TFF CD SD NO CPBUFS.ccccccccccecec® 
FT4 TFF SD NO CPBUPScccccvcscccsesed 
MULTIPLEXERS 


MUX21L 2 TO 1 TRANSMISSION GATE MULTIPLEXER 


CINVERT ING ) <:5:6o:arelewrbiee Sre46. 60 ooo Oh Sew ee wee een 


MUX21LA 2 TO 1 TRANSMISSION GATE MULTIPLEXER 


MUX41 4 BIT NON-INVERTING MU Kiso Nessa Oe Meee eee oO: 
MUX81 8 BIT NON=-INVERTING MUN S65 66s CESS SSR Swe 
RAM 

RAM1 DLATCH, GATED WITH 3STATE OUTPUT ci sccecccsevcd 
OSCILATOR 

OSC2 COMPLETE OSCILLATOR WITH XTAL CONNECTIONS. .1-0 


(INVERTING) DOUBLE RAIL STEERING. .ccccccccceed 


SHIFT REGISTER 


SR84 8 BIT SHIFT REGISTER/SYNC PARALLEL LOAD.....60 
Macrofunctions 
| GATES 
ADDERS 
CLA1 4 BIT CARRY LOOK AHEAD. .cccccccccccccccccceta 
CLA2 4 BIT CARRY LOOK AHEAD. .cccccccccccccccceeeld 
HAL HALF ADDER odes 6.6.0:0:6 566) s 0:6. 6 4b 666 05 60 60 006 6D 
FAI] FULL ADDER. cccccccccccccccccccccccccccccceelO 
FA2 2 BIT BINARY ADDER ( 7482 )icccccccsccess20 
FA4 4 BIT BINARY ADDER. cccccccccccccccccccc cee 44 
FA16 16 BIT FAST BINARY ADDER (USING CLAI1, 

CLA2, FAA) dr 6-6. sad 6 o'er 6S Oe be we be weew eas 
FAS2 2 BIT BINARY ADDER SUBTRACTER, A+B, A-B...-25 
ALU 
M2901 A BIT/ALU. ccc ccc cc ccc ccccccccccccccccccc ee /44 
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17-36 
17-37 
17-37 
17-38 


17-38 


17-39 
17-39 
17-40 
17-40 
17-41 


17-51 


17-51 
17-52 
17-52 


17-58 


17-58 


17-60 


PAGE 


18-11 
18-11 
18-70 
18-68 
18-68 
18-69 


18-69 
18-70 


18-102 


COMPARATORS 


MAG2H 2 BIT MAGNITUDE COMPARATOR. cccccccccccccseel/ 


MAG2 2 BIT MAGNITUDE COMPARATOR 

EXPANDABLE (1/2 7485 rere ke re ee ee eee oe ee 
MAG4 4 BIT MAGNITUDE COMPARATOR 

EXPANDABLE ( 7485 peccvccccccccccccc cs ce 44 
CMP4 4 BIT BQUALITY COMPARATOR. ccccccccccccccceel4 
CMP8 8 BIT EQUALITY COMPARATOR. ccccccccsecccesec ed 


PARITY GENERATORS 
PAR8 8 BIT ODD PARITY DETECTOR. cccccccccccccccccal 
PAROS 9 BIT ODD PARITY DETECTOR. @eeeoeaeetdveaeeeoeeoeeoesesese @ 24 


LATCH REGISTERS 
L4 4 BIT DATA LATCH. eseeenseoeveeeeeseeoege2e2028008080800 12 
L8 8 BIT DATA LATCH. @eeeeseaeasvseosvseoeeaeeweoeeaeeaeeneneeeeee 0 24 


MULTIPLEX REGISTERS 


MR41 4 BIT REGISTER WITH 2 BIT MUXED INPUTS.....29 
MR42 4 BIT REGISTER WITH 2 BIT MUXED INPUTS CD..33 
MR43 4 BIT REGISTER WITH 2 BIT MUXED INPUTS, 

SYNC CUR GG C4 Gb 66 6066 OS C0 ess 60S RACES Ce CeweOL 
MR44 4 BIT REGISTER WITH 2 BIT MUXED INPUTS, 

SYNC CLR 6 De ee eae eee ee are eR ere rE EG fo. 
MR81 8 BIT REGISTER WITH 2 BIT MUXED INPUTS.....57 
MR82 8 BIT REGISTER WITH 2 BIT MUXED INPUTS CD..65 


FLIP FLOP REGISTERS 


R41] 4 BIT DATA REGISTER. @eeeeoenoeeoeeeasv eoeeee eee eee @ 20 
R42 4 BIT DATA REGISTER CDecccccccccccccccccces 24 
R81 8 BIT DATA REGISTER @®eeeooeoeoeoeeeeaeseoeoesese@a~seoeeoeeeoeeesese & 40 
R82 8 BIT DATA REGISTER CD. @eeeeoseeseeoeeeoeeeeoaeseseseee 8s 8 48 


SHIFT REGISTERS 


SR41 A BIT. SHIPT REGISTER. 64 sie sede eeewseesencaceO 
SR42 4 BIT SHIFT REGISTER CDicccccccccccccccccce 2d 
SR43 4 BIT SHIFT REGISTER SDicccccccccccccccccce 24 
SR44 4 BIT SHIFT REGISTER, SYNC PARALLEL LOAD...29 
SR45 4 BIT SHIFT REGISTER, SYNC PARALLEL LOAD 

AND CLEAR be 6:6-s'6 Wa 6 O.o0 we 6G OSS RS 2S OS wee OOS OL 
SR46 4 BIT SHIFT REGISTER, ASYNC PARALLEL LOAD..40 
SR47 4 BIT SHIFT REGISTER, SYNC CLEAR. cccccccce se 24 
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18-72 
18-72 


18-73 
18-12 
18-12 


18-103 
18-103 


18-71 
18-71 


18-73 
18-74 


18-74 


18-75 
18-75 
18-76 


18-105 
18-106 
18-106 
18-107 


18-107 
18-108 
18-108 
18-109 


18-109 
18-110 
18-110 


MODULO 
PS2 


MODULO 
CM3B 
PS3 


MODULO 
CM4J 
C2G 
CM4B 
PS4 


MODULO 
CM5SR 
CM5B 


MODULO 
CM6J 
CMOB 


MODULO 
C3LSR 
CM7B 


MODULO 
CM8BR 
CM8JI 
C3G 
CM8SR 
CM8B 


MODULO 
CM9BR 
CM9SR 
CM9B 


MODULO 
CM1LOBR 
CM10J 


CM1OSR 


CM1OB 
M160C 
M160D 
M162C 
M162D 


2 COUNTERS 
| 2 BIT EXTERNAL CLOCK PRESCALER eG eee wee eS 


3 COUNTERS 
2 BIT BINARY COUNTER CDi erase oo hee oS oe eee 
2 BIT EXTERNAL CLOCK PRESCALER WITH....++.19 


4 COUNTERS | 
2 BIT JOHNSON COUNTER, (SAME AS C2G) CD....12 
2 BIT GRAY COUNTER, (SAME AS CM4J) CD...12 
2 BIT BINARY COUNTER CDeccccccccccccccccce eld 
4 BIT EXTERNAL CLOCK PRESCALER WITH...--2-.25 


5 COUNTERS 
3 BIT SHIFT COUNTER CD. @eeeeeeeees9#seeee7#es se @ 19 
3 BIT BINARY COUNTER CD. @eeeosoeeoeoeeeoeee0408eeesee8 @ ~ 30 


6 COUNTERS 


3 BIT JOHNSON COUNTER CD. ccccccccccccccceeelS 


3 BIT BINARY COUNTER CD 34 sé 6%. oe eee ee taboo 


7 COUNTERS = 
3 BIT LINEAR FEEDBACK SHIFT REGISTER CD....21 
3 BIT BINARY COUNTER CD.cccccccccccccccseedl 


8 COUNTERS | 
3 BIT BINARY RIPPLE COUNTER CDecececcccceel6 


4 BIT JOHNSON COUNTER CD. .cccccacccccccccee 24 


3 BIT GRAY COUNTER CD. @®eeeoeoeoeoeeoeoee@oeaoeaesv eoeeoeeeeess 27 
3 BIT SHIFT COUNTER CD. @e@eeeoeoeeesens,eseseeeens @ 22 
3 BIT BINARY COUNTER CD. @eeeeeoeeseeeeeoeeeseeeowee?s 25 


9 COUNTERS 


3 BIT BINARY RIPPLE COUNTER CDi s6sss sew eee co” 


4 BIT SHIFT COUNTER COs ~ 60 66 66S Oe eee eee ees co 
4 BIT BINARY COUNTER LG Rear arate gee eee area © 8 


10 COUNTERS : 

BIT BINARY RIPPLE COUNTER CD..cccccccccccal 
BIT JOHNSON COUNTER CD.cccccccccccccccece 30 
BIT SHIFT COUNTER’ CDs ssssew sc0s 6 eee see ecod 
BIT BINARY COUNTER CD.ccccccccccccccccce cdl 
BIT BCD COUNTER ( 74LS160 )..ccecccees 260 
BIT BCD COUNTER (“J4LS160 Jac 6 eso eee e50 
BIT BCD COUNTER ( JALSLC2 )%s.00<20s sews 55 
BIT BCD COUNTER ( 74LS162 ) sss secs 0062 


bh LAA AU A 
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18-104 


18-13 
18-104 


18-14 
18-42 
18-13 
18-105 


18-15 
18-14 


18-16 
18-15 


18-48 
18-16 


18-17 
18-18 
18-42 
18-18 
18-17 


18-19 
18-20 
18-19 


18-21 
18-21 
18-22 
18-20 
18-95 
18-96 
18-97 
18-98 


MODULO 
CM11BR 
CM11B 


MODULO 
CM12BR 
CM12J 
CM12SR 
CM12B 


MODULO 
CM13BR 
CM13B 


MODULO 
CM14BR 
CM14J 
CM14B 


MODULO 
CM15BR 
C4LSR 
CM15B 


MODULO 


CB4l 
CB42 


CB4cC 
CB4F 
CM1L6BR 
CM16JI 
C4G 
CM16B 
CUD41 
CUD42 


M161c 
M161D 
M163C 
M163D 
M163F 
M169C 


MODULO 
CM17BR 
CM17B 


GATES 


11 COUNTERS 
4 BIT BINARY RIPPLE COUNTER CDeccccccccccccal 
4 BIT BINARY COUNTER CDi css 6.0 s06b ose ie eeee ak 


12 COUNTERS 
4 BIT BINARY RIPPLE COUNTER CD.ccccccccccee dl 
6 BIT JOHNSON COUNTER CD..cccccccccccccccee 30 
4 BIT SHIFT COUNTER CDiccccccccccccccccccee ed 
4 BIT BINARY COUNTER CDecccccccccccccccceeh2 


13 COUNTERS 


4 BIT BINARY RIPPLE COUNTER CD. @eeeeee#eee#es ® 27 

4 BIT BINARY COUNTER CD. e#@eeeoeseeseoeaoeseaeeeneeeeee se 41 
14 COUNTERS 

4 BIT BINARY RIPPLE COUNTER CD..cccccccccce dl 

7 BIT JOHNSON COUNTER CD. eee e eoeaeoeaeaeeeoeeeeee e 42 

4 BIT BINARY COUNTER CD. eeeeeenvoeaoeveaeeseseescs ee @ 42 
15 COUNTERS 


4 BIT BINARY RIPPLE COUNTER CDeccccccccccee ll 
4 BIT LINEAR FEEDBACK SHIFT REGISTER CD....27 
4a BIT BINARY COUNTER CDi so: 66-5 @ 5 oboe sows ee eRe 


16 COUNTERS 
4 BIT BINARY COUNTER, EXPANDABLE ENABLE CD.42 
4 BIT BINARY COUNTER, EXPANDABLE ENABLE 
SYNC CLR CDs 06 .6:6-8 66S o.Bww eee are oe Oe 6. 6 oe ee ee 40 
BIT BINARY COUNTER, FAST, SYNC CLR..---43 
BIT BINARY COUNTER, FAST, INDIV. CD SD...47 
BIT BINARY RIPPLE COUNTER CD.ccccccccccce al 
BIT JOHNSON COUNTER CDi eee ciesSiccaweeewows a0 
BIT GRAY COUNTER, PRESCALED CD.eccccccccee D2 
BIT BINARY COUNTER COs is s6 600 $5446 e Sew OO 
BIT U/D COUNTER, EXPANDABLE CD.ccecc eee ee D8 
BIT U/D COUNTER, EXPANDABLE, ASYNC 

OAD COs: SWS RS 6 SS SESS Cee Site eae bseoeeele 
BIT COUNTER ( 74LS161 )ececee eee e 54 
BIT BINARY COUNTER ( 74LS161 )wcceeceee e 8&0 
BIT COUNTER ( 74LS163 ).ccceee ee e 54 
BIT BINARY COUNTER ( 74LS163 )..-.-2----61 
BIT COUNTER, FAST ( 74LS163 )ecccccceeeeI2 
BIT U/D COUNTER ( 74LS169 )..2222022265 


a PDL HL APPA OHA HH OAPA 


17 COUNTERS 
> BIT BINARY RIPPLE COUNTER CD.ccccee cooeedl 
5 BIT BINARY COUNTER CO iis cee arses enlee meee Oe 
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18-23 
18-22 


18-24 
18-24 
18-25 
18-23 


18-26 
18-25 


18-27 
18-27 
18-26 


18-28 
18-48 
18-28 


18-10 


18-10 
18- 3 
18- 3 
18-29 
18-30 
18-43 
18-29 
18-41 


18-41 
18-96 
18-97 
18-98 
18-99 
18=99 
18-100 


18-31 
18-30 


MODULO 
CM18BR 


MODULO 
CM19BR 


MODULO 


CM20BR 


MODULO 
CM21BR 


MODULO 
CM22BR 


MODULO 
CM23BR 


MODULO 


CM24BR 


MODULO 
CM25BR 


MODULO 


CM26BR 


MODULO 
CM27BR 


MODULO 
CM28BR 


MODULO 
CM29BR 


MODULO 
CM30BR 


MODULO 
CM31BR 
C5LSR 


MODULO 
CB5C 
CB5F 


CM32BR 
C5G 


18 COUNTERS 
5 BIT BINARY 


19 COUNTERS 
5 BIT BINARY 


20 COUNTERS 
5 BIT BINARY 


21 COUNTERS 
5 BIT BINARY 


22 COUNTERS 
5 BIT BINARY 


23 COUNTERS 
5 BIT BINARY 


24 COUNTERS 
5 BIT BINARY 


25 COUNTERS 
5 BIT BINARY 


26 COUNTERS 
5 BIT BINARY 


27 COUNTERS 
5 BIT BINARY 


28 COUNTERS 
5 BIT BINARY 


29 COUNTERS 
5 BIT BINARY 


30 COUNTERS 
5 BIT BINARY 


31 COUNTERS 
5 BIT BINARY 
5 BIT LINEAR 


32 COUNTERS 
5 BIT BINARY 


RIPPLE 


RIPPLE COUNTER 


RIPPLE COUNTER 
RIPPLE COUNTER 
RIPPLE COUNTER 
RIPPLE COUNTER 
RIPPLE COUNTER 
RIPPLE COUNTER 
COUNTER 
RIPPLE COUNTER 
RIPPLE COUNTER 
RIPPLE COUNTER 
RIPPLE COUNTER 
RIPPLE COUNTER 


RIPPLE COUNTER 
FEEDBACK SHIFT 


UP COUNTER, 


GATES PAGE 


CDis Bis steretarwree eo 2 
CDiciiuseeccesese 
CD iwtwieccuwe suse 
CD.cseeetsccueses2 
CDeececceccceee32 
COscscumsicuwewinse 
COceiwonesecaese 


COiuweeveseeewsceoe 


CDés sews itioeeasce 


CDececcccccccee dd 
CDececccccecseed3 
CDevescecceceee32 
CDeccccvscceveed3 


CO. i0se ese eee ces 
REGISTER CD....36 


SYNC COURS .ib026 6440009 


5 BIT BINARY UP COUNTER, FAST, 
INDIVIDUAL CD SD o5-6-6 atelel el eerk ie leane ere SoS Ow” 
5 BIT BINARY RIPPLE COUNTER CD.e.ccccccccecee lO 


5 BIT GRAY COUNTER, 


PRESCALED CD ise. 60-506 eee Oe 
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18-31 
18-32 
18-32 
18-33 
18-33 
18-34 
18-34 


18-35 


— 18-35 


18-36 
18-36 
18-37 
18-37 


18-38 
18-49 


18- 4 
18- 4 


18-38 
18-44 


GATES 


LARGE MODULO COUNTERS 


COLSR 
CB6C 
CBOF 


C6G 
C7LSR 


CB7C 
CB7F 
C7G 
C8LSR 
CB8C 
CBSF 
C8G 
C9LSR 
CB9C 
CB9OF 
CLOLSR 
CB10C 
CB1LOF 
C1l1LSR 
C12LSR 
C13LSR 


C1l4LSR 


6 BIT MOD 63 LINEAR FEEDBACK 

SHIFT REGISTER CDecccccccccsccccccccccccccee 39 
6 BIT MOD 64 FAST BINARY COUNTER, 

SYNC CER 6666 4515-66646 OO ww Oe we eee TO 
6 BIT MOD 64 FAST BINARY COUNTER, 
INDIVIDUAL CD SDiccccccccccccnvcccccccscese IO 
6 BIT MOD 64 GRAY COUNTER, PRESCALED CD..88 
7 BIT MOD 127 LINEAR FEEDBACK 

SHIFT REGISTER CD.eccccccccccccccccccccccce e409 
7 BIT MOD 128 FAST BINARY COUNTER, 

SYNC CLRecccccccccccccccccccccccccccccseseeSD 
7 BIT MOD 128 FAST BINARY COUNTER, 
INDIVIDUAL CD SDecccccccccccccccccccccccsee Ge 
7 BIT MOD 128 GRAY COUNTER, 

PRESCALED CD k:6.8 Sw eree 1b 8 6 60s6 Lo Wiis bie 6 Oo 0050 eee O00 
8 BIT MOD 255 LINEAR FEEDBACK 

SHIFT REGISTER CDi ose b 6665656 CRS wWOR eS SOR OL 
8 BIT MOD 256 FAST BINARY COUNTER, 

SYNC CL Rio is5eierd bee So ieee w oC oe Oe OSCE SOOO SAOUS 
8 BIT MOD 256 FAST BINARY COUNTER, 
INDIVIDUAL CD SDecccccccvcccccccccccccsccelO/ 
8 BIT MOD 256 GRAY COUNTER, 

PRESCALED COS 666s OS Ce See 6 Oe SSS wre aeLLS 
9 BIT MOD 511 LINEAR FEEDBACK 

SHIFT REGISTER CDs i066 25462466 606 w eS OT 
9 BIT MOD 512 FAST BINARY COUNTER, 

SYNC CER o 6cs-0-0se ow Koo OG 6. Oates 6-6 es be OO eee eeee Le 
9 BIT MOD 512 FAST BINARY COUNTER, 
INDIVIDUAL CD SDecccccccccccccccccccccceeel 23 
10 BIT MOD 1023 LINEAR FEEDBACK 

SHIFT REGISTER CDeccccccccccccccccccccceses&3 
10 BIT MOD 1024 FAST BINARY COUNTER, 

SYNC CER os: 40-6066 0:0 66 665566400650 66S eS 
10 BIT MOD 1024 FAST BINARY COUNTER, 
INDIVIDUAL CD SDid6 6-600 $84466548 64564050 eeL00 
ll BIT MOD 2047 LINEAR FEEDBACK 

SHIFT REGISTER CDi ccccccccccccccccccccc eee ce bD 
12 BIT MOD 4095 LINEAR FEEDBACK 

SHIFT REGISTER CDeccccccccccccccccccccccc ee Sl 
13 BIT MOD 8191 LINEAR FEEDBACK 

SHIFT REGISTER CDeccccccccccccccccccccccccedS/ 
14 BIT MOD 16383 LINEAR FEEDBACK 

SHIFT REGISTER CDecccccccccccccccccccccceee IS 
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PAGE 


18-49 
18=- 5 


18=- 5 
18-45 


18-50 
18= 6 
18= 6 
18-46 
18-50 
18- 7 
18- 7 
18-47 
18-51 
18- 8 
18- 8 
18-51 
18- 9 
18- 9 
18=52 
18-52 
18-53 


18-53 


I-10 


GATES 


LARGE MODULO COUNTERS (CONTINUED) 


C15LSR 
C16LSR 
C17LSR 
C18LSR 
C19LSR 


C20LSR 


15 BIT MOD 32767 LINEAR FEEDBACK 

SHIFT REGISTER CD ocd Se SS oela dw Oo ELS we we S SOS 
16 BIT MOD 65535 LINEAR FEEDBACK 

SHIFT REGISTER CDis.aé seeders 6 eee ewes uweeLOS 
17 BIT MOD 131071 LINEAR FEEDBACK 

SHIFT REGISTER CD oo. a eb eke eb ee Be a a ole aera ee OD 
18 BIT MOD 262143 LINEAR FEEDBACK 

SHIFT REGISTER CD v6-o:.e 1b 6 ewe 6 SW eee Se oe ee eee webs 
19 BIT MOD 524287 LINEAR FEEDBACK | 
SHIFT REGISTER CDes siisc4s%see bee 0d sooo e008 123 
20 BIT MOD 1048575 LINEAR FEEDBACK 

SHIFT REGISTER CD 6666 6466 6 ESS ew Kew eS COS 


NON OVERLAPPING CLOCK GENERATORS 


CPG1l TWO PHASE CLOCK GEN, UNBUFFERED 

HI UNDERLAP LO OR DV sss i6eh 6 ees caw ec eceewwwe 7d 
CPG2 TWO PHASE CLOCK GEN, BUFFERED 

LO UNDERLAP LO DRIVE. ccc ccc ccccccccccccccccel 
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Chapter 1: Overview 


Design Process Sequence Overview 


This macrocell manual is one of two documents needed to 
design an LSI Logic gate array. The second document, The 
LSI Logic LDS Design Manual, is a detailed treatment of the 
methodology necessary to build a circuit using the LDS softe- 
ware tools. (The Design Manual is provided to designers 
attending the LSI Logic Design Class.) The macrocell manual 
is primarily a catalog detailing the libraries of logic 
functions available for implementation in LSI LOGIC gate 
arrays. It also serves as a preliminary overview of the 
complete design process, with emphasis on its initial steps. 
This manual enables you to complete steps 1, 3, 4, 6, and 8 
below. Steps printed in capitals are formal milestones, and 
require the signatures of both the designer and an LSI Logic 
applications engineer. 


You may want to perform some of the steps in an order 
different from the one outlined in this manual. You may, 
for example, need to design your circuit for a particular 
package. In that case, you would change the order of the 
steps outlined below. The lessons you learn in an LSI Logic 
Design Class will enable you to design your circuit with 
maximum efficiency. 

The sequence of initial steps is: 


1. Read Background Information to become familiar with 
LSI LOGIC design concepts. 


2. Become familiar with circuit specification forms and 
formal milestone documents. (These are detailed in 
Part II, the Design Manual.) 

3. Choose an array series. 

4. Choose a device, i.e., choose an array size. 

5. Optimize the design, if necessary. 

6. Select a package. 

7. Prepare a bonding diagram. 


8. Make power calculations. 


9. Be sure you have designed testability and reliability 
into your circuit. 


10. Prepare test patterns. 
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The remaining steps, which are explained in the LSI LOGIC 
LDS Design Manual, are as follows: 


i Ee 


12. 


L3% 
14. 


i5. 


16. 
17. 
18. 


19. 
20. 
21. 


Formal 


Create a network of interconnects. 


Execute VERIFY on top-level module to simulate delay 
values and functional results. 


Modify network, if necessary. 
Simulate top-level module. 


COMPLETE DESIGN ACCEPTANCE CHECKLIST, only if you 
purchased either the Software Data Book or the Design 


Verifier Software. For these products the checklist 


is the first formal milestone document. 
Perform detectable fault simulation. 
Execute test patterns extraction program. 
Complete ac test form. 


COMPLETE ENGINEERING COMPLETION REPORT. THIS FORM 
CONSTITUTES THE FIRST FORMAL MILESTONE DOCUMENT. 


AFTER LAYOUT, COMPLETE PERFORMANCE APPROVAL, THE 
SECOND FORMAL MILESTONE DOCUMENT. 


AFTER FABRICATION, COMPLETE PROTOTYPE APPROVAL, THE 
THIRD AND LAST MILESTONE DOCUMENT. 


Milestone Documents -- Steps 15, 19, 20,and 21 above 


are formal milestones; as such, they require the signatures 
of both the designer and an LSI LOGIC engineer to establish 
that both have approved the circuit at that "milestone" 
stage of its design. Step 15 is not required, unless you 
purchased either the Software Data Book or the Design Veri- 
fier Software. 
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1.2 System Environment 


Table 1.1 illustrates the order in which each task will be 
performed, depending upon the environment in which you are 
working. 


If you are using LSI'sJIf you purchased the fIf you purchased the 
Mainframe LDS System Software Data Book Software Data Book and 
Design Verifier Software 


Complete steps 1-10, Complete steps 1-10, [Complete steps 1-10, 15, 
20, and 21 at your 15, 20, and 21 at 20, and 21 at your desk. 
desk. yyour desk. 


Complete steps 11-14 Icomplete steps 11,13,{Complete steps 11-14 
and 16-19 on the fand 14 on the work- on the workstation. 
LDS System. station. 


Do not perform step Complete steps 16-19 {Complete steps 16-19 
15. on the LDS System. on the LDS System. 


Do not perform step 
Zs 


Table 1.1 
Design Tasks Related to Working Environment 


1.3 Background Information 


As a logic designer, you are undoubtedly familiar with 
traditional electronic circuit-design techniques which make 
use of standard parts from vendor catalogs. Your knowledge 
of these techniques will help you in learning to design LSI 
LOGIC gate arrays. 


There are three series of arrays to choose from: 
e 3000 Series 
e 5000 Series 
e 7000 Series 
The array series differ in: 
e@ Speed 
e Number of gates 
® 
® 


Number of I/O and power pads 
Package requirements 
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LSI LOGIC software products allow you to design complex 
circuits by starting with a functional block diagram and 
continuing through a logical sequence to the final tested 
product. To help you understand LSI LOGIC's design concept, 
this section presents background information about: 


Equivalent Gates 
Macrocell Models 


e CMOS Circuit Structure 

e Gate Array Structure 

e Traditional Circuit Design vs. Gate Array Design 
@e Macrocells . | 

@ Macrofunctions 

@ 

@ 


CMOS Circuit Structure -- LSI LOGIC's circuit structure uses 
Complementary Metal Oxide Semiconductor (CMOS) technology. 
This technology is made up of N and P channel MOSFET transi-~ 
stors whose switching operation is "complementary"; that is, 
when the N transistor is on, the P transistor is off, and 
vice versa. 


Figure 1.1 is a cross-sectional view of a two-layer metal 
array. A P MOSFET transistor is formed directly on the N- 
substrate. An N MOSFET transistor is formed in the P= well. 
First layer metal contacts form connections to the N+ and P+ 
areas. First layer metal contacts also form connections to 
polysilicon (this connection is not shown in the figure). 
The second layer metal (2nd metal in the figure) connects to 
the first layer metal through via contacts. 


CMOS STRUCTURE 


PROTECTION DIELECTRIC CC — qu 


SiO, INSULATOR 


FIELD OXIDE 


N-SUBSTRATE 


P-CHANNEL DEVICE ———————> «—————__ N-CHANNEL DEVICE 


Figure 1.1 
A Cross-Sectional View of a Two-Layer Metal Array 
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Two familiar components, an inverter and a two-input NAND 
gate, illustrate CMOS circuit operation. An inverter is 
shown in Figure 1.2. 


To construct a CMOS inverter, a P MOSFET is connected 
between VDD (+5V) and the inverter's output. An N MOSFET is 
connected between the output and VSS(OV). The gates of both 
MOSFETs are connected both to the input and to one another, 
as depicted in Figure 1.2. 


Figure 1.2 
A CMOS Inverter 


When Vin is low, the P MOSFET is ON, the N MOSFET is OFF, 
and Vout is pulled close to VDD (Vout=5v). When Vin is 
high, the P MOSFET is OFF, the N MOSFET is ON, and Vout is 
pulled close to VSS (Vout=0Ov). Table 1.2 illustrates these 


actions. 
P MOSFET | N MOSFET 


Table 1.2 
CMOS Inverter Operation 


For a brief time during input voltage transition, both 
MOSFETS are ON. However, since at least one MOSFET is off 
when the inverter is in one of its stable states, very 
little dc current flows through the inverter, and very 
little power is consumed. 
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By adding two more transistors to the inverter diagram in 
Figure 1.2 (indicated by the dotted lines in Figure 1.3) and 
making minor wire modifications, we can create a two-input 
NAND gate; one of the basic components used by LSI LOGIC. 


Figure 1.3 
A Two-input NAND 


In Figure 1.3, when both inputs are high, both N transistors 
are ON, both P transistors are OFF, and the output is low. 
If either input is low, then at least one of the P transi- 
stors is ON, and at least one of the N transistors is OFF 
and the output is high. The effect of high and low input 
states on a two-input NAND gate is shown in Table 1.3. 


INPUT N TRANSISTORS | P TRANSISTORS | OUTPUT 


Either 0 One or More One or More 1 
On Off 


Table 1.3 
Effect of High and Low States 
on a Two-Input NAND 
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Gate Array Structure -- The basic LSI LOGIC circuit structure 
is an array composed of N and P transistors. It is known as 
a gate array, a logic array, a ULA, or a masterslice. The 
term "gate array" is somewhat misleading, since the base 
array is not an array of gates, but an array of components (N 
and P transistors) which may be interconnected to form 
inverters, NAND gates, NOR gates, flip-flops, or other types 
of circuitry. Because its components are standardized, the 
array can be produced in high volume at low cost. All that 
you supply is the configuration of your metal interconnec- 
tions: these define your logic. 


LSI LOGIC's CMOS arrays are structured in columns of gates, 
known as "diffusion columns." Each gate location, called a | 
"slot," consists of two pairs of N and P transistors. There 
is enough space to route three horizontal wires across each 
Slot. The slots are stacked to form columns, i.e., the sum 
of all slots ina given axis is a column. 


The diffusion columns are separated by blank silicon 
columns, which are used for vertical wire routing. In each 
blank column there are, depending on the array series, 12-26 
Wiring tracks available for global vertical wire-routing. 
Figure 1.4 shows an unconnected array. 


WIRING 
CHANNELS 


DIFFUSION 
COLUMNS 


Figure 1.4 
An Unconnected CMOS Gate Array 
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Figure 1.5 shows a portion of a 5000 Series wired array. 
Most of the wiring connecting the macrocells (the global 
vertical wiring) is on the first layer metal. The second 
layer metal is used for the horizontal wiring. 


The peripheral cells consist of large-geometry i.e., physi- 
cally large, transistors plus input protection circuits to 
implement input- and output-buffers. Each series has 
certain peripheral cells preassigned to power and ground. 
The unassigned cells can all be configured either as inputs, 
as outputs, or as bidirectional pads. 
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Figure 1.5 
A Portion of a 5000 Series Wired Array 
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Traditional Circuit Design vs. Gate Array Design -- Today's 
integrated circuits are impossible to design using 
yesterday's methods. Functions previously designed for 
large circuit boards are now designed for single silicon 
chips. 


Using the traditional breadboard method, you designed with a 
functional block diagram and a standard parts catalog. You 
located parts in the catalog, then purchased them and 
inserted them into a circuit board. After you wired and 
soldered the parts into a circuit network, you tested the 
board to see if it functioned correctly. If a part was 
faulty, you removed it and replaced it with a new standard 
part. A given circuit might need to be redesigned and 
rewired several times before it was finally correct. 


In gate array design, computer simulation is used to elec-=- 
tronically breadboard and analyze a circuit's performance. 
Voltage, temperature variation, parasitic capacitances, as 
well as other factors affecting a circuit's performance, are 
simulated on the computer before the circuit is fabricated. 
An analog to the redesign and rewire operation continues to 
be necessary in gate array design, but computer simulation 
spares you the necessity of physical rewiring, and also 
catches and corrects timing errors before your design is 
fabricated. 


Although you may breadboard a circuit before designing the 
circuit as a gate array, this procedure has limited useful- 
ness. The breadboard will show that the circuit is func- 
tionally correct. But the breadboard is an unreliable 
predictor of: 1) the circuit's behavior when it is imple-. 
mented as a gate array, and 2) timing problems due to 
capacitive loading and parasitic effects on the silicon. 


In most cases you should not map a finished breadboard 
directly into a gate array. Rather you should use the 
design techniques described in Chapter 4 to optimize your 
design either by improving its speed or by reducing its gate 
count. There are techniques by means of which to enhance 
the testability and reliability of your circuit; these can 
be found in Chapter 8 of this manual and in Chapter 2 of the 
LSI LOGIC LDS Design Manual. 
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Macrocells -- A macrocell is the metal pattern which 
connects a group of N and P transistors in such a way that 
the end product is a logic element. LSI LOGIC macrocells 
are predesigned circuits for which there exist the symbol 
and model files needed for accurate CAD analysis. Macro- 
cells are available ina library similar to a standard parts 
catalog. Macrocells span a wide range of complexity. The 
Simplest is a simple inverter. Among the more complex are 
flip-flops and RAM cells. : 


Macrofunctions -=- Macrofunctions are collections of "soft- 
ware coded" macrocells which perform functions more complex 
than those of macrocells. Macrofunctions are available from 
libraries, or they may be user-defined. Before fabrication, 
the LDS System breaks macrofunctions down into macrocells; 
thus, unused macrocells can be automatically deleted. 


The macrocell/macrofunction concept allows you to work ina 
hierarchical fashion with a large number of logic blocks of 
several levels of complexity, while at the same time facili- 
tating flexible layout with a small number of standard 
elements. 


Beginning with your circuit specifications and the LSI LOGIC 
Macrocell Library, you move through a logical design 
sequence to determine the array size, to select the correct 
package, and to determine which macrocells will be used as 
building blocks to comprise the circuit's network. ~ 


Equivalent Gates -- The number of gate equivalents required 
to implement the entire circuit, its “gate count," reflects 
the complexity of the design. LSI LOGIC array sizes vary 
from 400 to 10,000 gates. 


LSI LOGIC defines one "gate equivalent" as equal to two P 
and two N transistors, or enough to create either a two-in- 
put NAND gate or a two-input NOR gate. The complexity of 
each macrocell is measured in terms of the number of gate 
equivalents required to construct it. 


Macrocell Models -- Each macrocell model in the Macrocell 
Library contains the information you will need to create a 
network and perform preliminary delay calculations and 
simulation. 
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Choose an Array Series 


Your paramount design consideration may be cost, or it may 
be performance, or it may be some other other design crite- 
rion, e.g., package size. The series at LSI are designed 
with overlapping characteristics so you can migrate between 
one series and another if the need should arise. Designs a 
little too large for the array size you have initially 
chosen can move to a larger size; designs a little too slow 
can move to a faster series. 


Critical Path 


To determine speed requirements, you need to identify the 
critical path or paths. Generally, the critical path is the 
Signal path that travels through the greatest number of 
gates between one register and another. (A register is 
@ither a flip-flop or a latch.) In order to calculate the 
propagation delay of each macrocell in the path, it is 
necessary to determine the fanout for each macrocell in the 
path. 


Fanout 


A macrocell's fanout is equal to the number of "input loads" 
it drives. An "input loading factor" is assigned to the 
inputs of each macrocell and is used to indicate how large a 
capacitive load is associated with each input. A standard 
input loading factor of 1 is defined as the sum of an N and 
a P MOSFET gate capacitance. Therefore, an inverter has an 
input loading factor of 1; similarly, each of the inputs on 
a two-input NAND gate has an input loading factor of 1. The 
exclusive OR and exclusive NOR gate inputs each have an 
input loading factor of 2, since each input is connected to 
2 N and 2 P MOSFET gate inputs. 


The equation for calculating a macrocell's fanout is: 


FO = IL(MCl) + IL(MC2) + ... IL(MCn) 


Where: 
FO = fanout for the driving macrocell 
MC1,MC2...MCn = names of the driven macrocells 
IL = input loading factor of the driven macrocell 
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Study each macrocell in the critical path and determine how 
many macrocells it drives (including those not in the 
critical path). Note the input loading factor for each 
driven macrocell, taking care to use the factor correspond- 
ing to the correct input. Then add the input loading 
factors of each driven macrocell. The sum equals the fanout 
of the driving macrocell. 


Repeat this process until fanout is calculated for every 
Macrocell in the critical path. Then total the nominal 
delays for each macrocell from the verifier delay tables in 
the macrocell section. Select from the technology that is 
most in keeping with your delay specifications. 


Worst-Case 


With a defined nominal delay, there remains the necessity of 
calculating a worst-case factor in order to find the propa- 
gation delay under worst-case operating conditions. 


To find the worst-case delay, multiply the nominal propaga- 
tion delay by the appropriate standard worst-case factor 
below: 


WeC. commercial (70 degrees C, 4.75V) 1.74 
w.ec. industry (85 degrees C, 4.75V) 1.83 
wece military (125 degrees C, 4.5V) 2.21 


It is possible that the standard worst-case delay factors 
are not suitable for your application. The following 
paragraphs show how LSI LOGIC calculated the commercial 
worst-case factor of 1.74; they also give an equation for 
calculating your own worst-case delay factors. 


The typical propagation delays shown for each series in each 
macrocell listing are for 25 degrees C, 5v, and typical 
processing. You will need to extrapolate delays if your 
fanout are not equivalent to those in the tables. 


Process variation could increase delays up to 40%. Thus, a 
1.4 multiplier factor (called "Kp") is used to estimate the 
effect of worst case processing. Junction temperature 
(called "Kt") and supply voltage variation (called "Kv") 
also affect the delay. Multipliers for Kt and Kv are shown 
in Figure 2.1. 
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PROPAGATION DELAY RELATIVE TO 
SUPPLY VOLTAGE 


0 25 70 85 
TEMPERATURE (KT) Vop (KV) 


Figure 2.1 
Propagation Delay (a) as a Function of Temperature (KT) 
and (b) as a Function of Supply Voltage (KV) 


The temperature and voltage effects on delay are quite 
insensitive for the single-layer metal 3000 Series because 
the typical delays for each macrocell include polysilicon 
interconnect delays, which are relatively insensitive to 
voltage and temperature effects. 


The formula for calculating worst-case propagation delay 
factors (Twc) is: 


Two = Kp x Kt x Kv 


For worst case commercial range (0-70 degrees C, 4.75 to 
5.25V) the maximum delay factor is: 


1.4 x 1.16 x 1.07 
1.74 


Twe 
Twcec 


You can calculate worst case factors for conditions other 
than commercial, industrial, or military uses ina similar 
manner. 


At this point you should be able to decide on an appropriate 
array series. 
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Choose a Device 


Choosing a device is sometimes called choosing an "array 
size." Each device in each array series has a specific 
number of gates, I/O pads, power (VSS, VDD) pads, and 
package pins, as shown in Table 3.1. In order to choose the 
device best serving your needs, you will need to determine 
the following factors in your circuit: 


@e Percentage of device used ("array utilization") 

@ Number of I/O pads used, totaling input pads, output 
pads, assigned power pads, additional power pads (if 
necessary), and B1I pads 


@ Number of package pins 


Then review the table below for an appropriate size in your 
chosen array series. | 
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3000 Series 
Silicon gate, oxide isolated, 3.5 micron, single layer metal 


Device Gate |% Max.| Max. Assigned | Assigned | Assigned | Max. 
AUR* |I/O Pads| VDD Pads | VSS Pads | VSS2 Pads | Pads 
LL3020 272 95 32 36 
LL3030 
LL3040 
LL3060 
LL3080 
LL3110 
LL3130 
LL3170 


LL3210 
LL3250 


mek ek a ea ee ak 
WBWWWWW WWW WwW 
om EE 6 a > Ek > EE > on DO ) 


5000 Series 
Silicon gate, oxide isolated, 3.0 micron, double-layer metal 


LL5080 
LL5140 
LL5220 
LL5320 
LL5420 
LLS600 


7000 Series (P-Version Standard Pad Pitch) 
Silicon gate, oxide isolated, 2.0 micron, double-layer metal 


LL7080 
LL7140 
LL7220 
LL7320 
LL7420 
LL7600 
LL7840 
LL71000 | 10013 


7000 Series (C-Version Tight Pad Pitch) 
Silicon gate, oxide isolated, 2.0 micron, double-layer metal 


LL7080 
LL7140 
LL7220 
LL7320 
LL7420 
LL7600 
LL7840 
LL71000 


“Maximum Array Usage Recommended 


Table 3.1 
LSI LOGIC Array Specifications 
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Slot Count 


To arrive at the slot count for your circuit, determine the 
number of slots required for each macrocell and then total 
the number of slots used for all macrocells. In most macro= 
cells the slot count is equal to the gate count shown for 
each macrocell in Chapter 17 of this manual. However, there 
are a few exceptions which are listed below: 


(5000 and 7000 Series) 


Macrocell Gate Slot 
Name Count Count 
IVDA 1 2 
IVP 1 2 
ND2 1 2 
NR2 1 2 


The cells listed above have an additional space assigned to 
them to insure routability. Since the cells are stacked in 
diffusion columns, adequate room must be left for horizontal 
crossing wires. 


When you have added the total slots required for each macro=- 
cell in your design, divide them by the gate count in your 
array size. This percentage is your array usage. Check 
Table 3.1 to see that your array usage is below the maximum 
percentage of array usage recommended for your array size. 
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I/O Pad Count 


Next you must determine the total number of I/O pads used. 
Refer to the following two tables and total the pad count 
for all input and output buffers. Note input buffers could 
require O or 1 pads, while output buffers can require 1 to 4 
pads. 


Gate Count 


# Pads secina series 7000 
secina series Series 


| Interface 
| [TTL CMOS 


IBUF 1 0 
IBUFI ) 0 
IBUFD 1 0 
IBUFU 1 0 
IBUFN 1 0 
ICKl 2 1 
ICK2 3 2 


SCHMDT1 1 0 
SCHMDT2 1 0 
TLCHT 1 0 
TLCHTI 0 0 
TLCHTN 1 0 


Table 3.2 
LSI LOGIC Input Buffer Specifications 


* DT is a measurement of the drive capability of the I/Os, 
using Bl as a standard drive capability equal to l. 
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NO. OF PADS EQUIV. GATE COUNT 
BUFFER 
NAME 3K 5K 7K 3K 5K 7K 


“ 1 1 $25 = 1 1 
l 1 1 sD 1 1 1 
1 1 1 1 l 2 2 
1 1 1 1 1 1 1 Unidirect 
2 2 2 2 2 4 4 Standard 
2 2 2 2 2 2 2 push/pull 
3 3 3 2 1 ‘@) @) 
3 4 4 3 3 2 2 
3 3 3 3 3 3 3 
1 1 25 5 5 
1 1 5 5 5 
1 1 1 7 7 Uni-tristate 
2 2 2 8 8 
3 3 3 1 1 
2 - 2 7 - 


1 1 1 4 7 7 
1 1 aL = 7 - 
1 1 «5 ~ 4 4 
1 1 1 1 1 1 
1 1 1 = 7 7 
1 1 Pies - 5 5 Biedirect 
2 2 2 5 8 8 
2 2 2 = 8 = 
3 3 3 6 ll ll 
3 3 3 - sy = 
3 3 3 6 a 


Table 3.3 
LSI LOGIC Output Buffer Specifications 


Chapter 3: Array Sizes 3-5 


3.4 


Power Pads 


After completing the I/O pad count, total the B1I's and add 
them to your total pad count. Finally, you must determine 


the number of power pads required and add this number to 


your previous total to find your total pad requirement for 
your circuit. This number must not exceed the "MAX. PADS" 
column in Table 3.1. 


The number of power pads is determined primarily by the 
number and type of output buffers you used in your circuit. 
The output buffers' "slew rate," or the time it takes fora 
Signal to switch from logical O to logical 1, or vice versa, 
causes a current spike (known as "abrupt transient 
current"). The output buffer devices in the 3-micron 5000 
Series and the 2-micron 7000 Series have the same high slew 
rates, switching high capacitance loads (50pfd) ina few 
nanoseconds. This slew interacts with parasitic package 
inductance to cause current "noise." Several grounds and 
VDD supply pads are required to minimize the noise. 


Power pads are defined as: 


VSS - Ground pads for I/O buffers on the perimeter of 
the circuit. | 


VSS2 - Ground pads for internal cells of the circuit. 
(Protect internal macrocells from current spikes 
generated by the output buffers; this is not 
required in the 3000 Series). 


VDD - Positive power pads (nominal voltage 5V). 


Your particular array size (footprint) can be found on the 
following pages with its preassigned power pads indicated on 
each footprint. You must use the following information to 
see which VSS, VSS2, and VDD pads need to be added to the 
ones required originally. These additional VSS, VSS2, and 
VDD pads are added to the number of preassigned VSS, VSS2, 
and VDD pads and the sum comprises your total power pad 
requirements. 
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Equations for determining additional power pads are: 


3000 Series 


VSS = DT/16 = x 
VSS2 Not Applicable 
VDD = DT/16 = Zz 


5000 Series 


VSS = DT/16 = x 
vSS2 =C-yY 
VDD = DT/16 - z 
7000 Series 
VSS = DT/16 = x 
VSS2 = All Preassigned vSS2 
VDD = DT/32 - z 


wheres: 


C = the minimum number of VSS2 pads required for the 5000 
Series as indicated below. The 3000 Series does not require 
any VSS2 pads. 


Array Minimum No. 
S1ze of VSS2 Pads 
LL5080 i 
LL5140 2 
LL5220 2 
LL5320 3 
LL5420 3 
LL5600 4 


16 is the maximum number of Bl (or equivalent) buffers that 
can be placed around VSS pads (8 on each side) 
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number of preassigned VSS pads 


* 
it 


y number of preassigned VSS2 pads 


Z = number of preassigned VDD pads 
Note 1: Round all results to the next higher integer 


Note 2: In the 3000 and 5000 Series, you should use the 
preassigned VSS, VSS2 (not in 3000 Series), and VDD pads 
first, whenever possible. If you need to, you can use any 
of the other pads as a VSS, VSS2 (not in 3000 Series), or 
VDD. Preassigned VSS, VSS2, and VDD pads cannot be used as 
a Signal pad in the 3000 and 5000 Series. 


Note 3: 7000 Series power pads are separated into primary 
and secondary pads. The primary pads are grouped together 
in sets of 2 or 4 at the midpoint on each of the four sides. 
The secondary pads are located individually near the four 
corners of the chip. All primary pads must be used first. 
If additional pads are required, then the secondary pads may 
be used. All secondary pads not used for power may be used 
for circuit I/O signals. 
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Figure 3.1 
3000 Series Footprints 
(LL3020 through LL3110) 
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5000 Series 
(LL5080 through LL5320) 
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Figure 3.4 
5000 Series Footprints 
(LL5420 through LL5600) 
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Figure 3.5 
7000 Series Footprints 


(LL7080P through LL7320P) 
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Figure 3.6 
7000 Series Footprints 
(LL7420P through LL7600P) 
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Figure 3.7 
7000 Series Footprint 
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Figure 3.8 
7000 Series Footprint 


(LL71000P) 
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Figure 3.9 
High Density Pad Pitch Footprints 
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7000 Series High Density Pad Pitch Footprint 
(LL7840C) 
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7000 Series High Density Pad Pitch Footprint 
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Chapter 4: Optimization 


Optimize Your Design 

In optimizing your design, you can improve speed, reduce 
gate count, and reduce I/O pin count. These improvements 
are covered in more detail in the LSI LOGIC LDS Design 
Manual. 

Improve Speed 


@e When FO is low, use AO (And Or Invert) elements 


e Place signals efficiently in multilevel gating struc- 
tures 


@ Minimize gate inputs 

@ Minimize NOR gates 

e Use shift counters 

e Use independent outputs of flip-flops and latches 
@e Duplicate logic 

e Use carry generate/carry propagate 

@e Use fast adder techniques 

@ aveia high drive buffers with low fanouts 

@e Design high input AND gates efficiently 


e Use on-chip buffers with high fanout 


Reduce Gate Count 

The size of a circuit is a function of its gate count and 
the number of its interconnections (nodes). Use the follow- 
ing techniques to reduce required chip area and thus the 
gate count and size of your array. 


@e Make maximum use of large macrocells with many internal 
interconnections. 


e Use shift counters. 
e Use ripple counters, propagation delay permitting. 
e Minimize the number of signal nodes by routing only one 


polarity of signal between modules. 
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When you need an input multiplexer for a flip-flop or 
latch, use a scan test flip-flop or latch. 


Minimize the use of inverters by careful logic design 
and the use of DeMorgan's theorem. 


Reduce I/O Pin Count 


An array's cost is influenced by its package. Often, it is 
cost-effective to add logic to reduce pins, and thus reduce 
package size. Reducing the number of outputs may also 
reduce the number of power pins. 


You 


May use several techniques to reduce I/O pin counts: 


Bit Slicing - Partitioning a system by bits rather than 
by function will nearly always reduce its pin count. 
It will also reduce the number of unique part types. 


Serial Transfer ~— When propagation delay permits, 
transmit data in series rather than in parallel. 


Illegal Input Codes for Test - Initialize test nodes by 
forcing array inputs to respond to input patterns which 
do not occur in the circuit's normal operating mode. 


Multiplex Test Points - Bring test points off-chip 
without using an extra pin by multiplexing the normal 
outputs with a test pin control. 


Single Rail Transfer ~ Transfer only one polarity of 
Signal between arrays; invert the signal locally on the 
receiver array. | 


Decode Locally - Use a separate signal decoding network 
on each array. 


Use Local Counters - Rather than transferring counter 
data between several arrays, duplicate counters in each 


array and synchronize the counters. 


Use Signal Bussing - Use one line to carry information 
from a variety of sources. Use local storage to hold 
Signal values. 7 : 


Use External MSI -— When you require a large number of 


parallel outputs, use external MSI registers to save 
array pins. : 
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Chapter 5: Packages 


5.1 Selection Process 
Selecting a package requires the following steps: 


@ Decide the package type you want, using the LSI LOGIC 
"Logic Array Packaging Application Note A33." (Ask 
your LSI LOGIC application engineer for a copy of this 
note. ) 


e Use the charts in this Section 5.3 to determine package 
size. | 


e Use the LSI LOGIC Corporation "Logic Array Package 
Selector Guide" to select a specific package. 


5.2 Determine the Package Type 


You may choose from a variety of plastic and ceramic packag-— 
es for your device, including: 


Package LSI LOGIC Package LS} LOGIC 
Type Package Code Type Package Code 


Ceramic Chip Carriers 

20-pin leadless ceramic chip carrier 

28-pin leadless ceramic chip carrier 

22-pin plastic dual-in-line package 52-pin leadiess ceramic chip carrier 

24-pin plastic dual-in-line package 68-pin leadiless ceramic chip carrier 

28-pin plastic dual-in-line package (ECL type A) 

40-pin plastic dual-in-line package 68-pin leadless ceramic chip carrier 

48-pin plastic dual-in-line package (MOS type A) 

68-pin leadiess ceramic chip carrier 
(MOS type B) 

84-pin leadless ceramic chip carrier 
(MOS type A) 


16-pin ceramic dual-in-line package . 84-pin leadless ceramic chip carrier 
22-pin ceramic dual-in-line package (MOS type B) 


Plastic Dual-in-Line Packages 


16-pin plastic dual-in-line package 


Ceramic Dual-in-Line Packages 


24-pin ceramic dual-in-line package 
28-pin ceramic dual-in-line package 
40-pin ceramic dual-in-line package 
48-pin ceramic dual-in-line package 


84-pin leadless ceramic chip carrier 
(MOS type C) 


Ceramic Pin-grid Arrays 


64-pin ceramic dual-in-line package 64-pin ceramic pin-grid array 
68-pin ceramic pin-grid array 
84-pin ceramic pin-grid array 
100-pin ceramic pin-grid array 
120-pin ceramic pin-grid array 
144-pin ceramic pin-grid array 
180-pin ceramic pin-grid array 


Plastic Chip Carriers 


68-pin plastic chip carrier (J-bend leads) 
84-pin plastic chip carrier (J-bend leads) 


Table 5.1 
LSI LOGIC Package Types 
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Determine Package Size 


Use Tables 5.2, 5.3, and 5.4 to determine how large a 
package you need for the array size you have chosen. 


The tables are arranged for each series by device and 
package type, showing the minimum number of package pins 
required to implement each device. (Pin counts are in 
proportion to package cavity size: in general, the larger 
the pin count, the larger the cavity size.) Using the 
tables, determine the minimum number of pins required to 
accomodate your design. 


Read the tables in this way: 


@e The DEVICE column lists the LSI LOGIC part number of 
each device. 


e@e The CERAMIC DIP, PLASTIC DIP, CERAMIC CHIP CARRIERS, 
PIN GRID ARRAYS, and PLASTIC CHIP CARRIERS columns 
refer to package types that are offered by LSI LOGIC. 
They are to be read in the following way. Suppose you 
have chosen Device LL3020. Suppose also that you have 
chosen to use a ceramic dip package. The number 16 
signifies the smallest package (16 pin) that will 
accommodate your design. The plus sign signifies that 
the device can fit into a package with more than 16 
pins. The N/A means there is no package of that type 
Suitable for the array listed in the leftmost column on 
the same line; no die is allowed to be placed ina 
package with more leads than are needed to bond all 
pads. The large lead count packages have large die pad 
cavities; therefore, the wire bonds will be too long 
for a small die. 
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: CERAMIC 
CERAMIC PLASTIC CHIP CHIP 
DIP DIP CARRIER CARRIER 


ele imi ea, 
re ee ee ee 
LL3250 24+ 28+ 52+ ae 68+ 


Table 5.2 
3000 Series Minimum Package Pin Requirements 


PLASTIC 


DEVICE 
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CERAMIC PLASTIC 
DEVICE CERAMIC PLASTIC CHIP CHIP 
DIP DIP - CARRIER CARRIER 


| 
LL5320 


LL5600 | 


Table 5.3 
5000 Series Minimum Package Pin Requirements 
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CERAMIC PLASTIC 
DEVICE | CERAMIC | PLASTIC CHIP CHIP 
DIP DIP CARRIER | ARRAY | CARRIER 
(1) 
LL7430 24+ 28+ 52+ 64+ 68+ 
(1) 
LL7600 40+ 28+ 68+ 64+ 68+ 


Table 5.4 
7000 Series Minimum Package Pin Requirements 


(1) The device may be placed into an etch frame at addi- 
tional cost. 
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Use the Selector Guide 


Once you have decided on a package and have used the charts 
to determine its size, refer to the LSI LOGIC Corporation 
"Logic Array Package Selector Guide" for a choice of specif- 
ic packages. This guide lists the physical dimensions of 
each package. 


7000 Series aceaa tas 


If final production will make use of a plastic package, the 
device must nevertheless be designed with the standard pad 
pitch array footprint. Even though prototypes will be ina 
ceramic package, there is no difficulty in taking a standard 
pad patch and building it on a ceramic package. But, no 
7000 Series array designed on a dense pad pitch FOOEP reas 
can be put into a plastic package. 
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Chapter 6: Bonding Diagram 


Determine I/O Assignment 


After the array selection has been made, and the pinout and 
I/O established, a bonding diagram may be done. Obtain from 
an LSI LOGIC applications engineer the right package cavity 
outline and the correct die footprint. Exercise care in the 
assignment of input and output signals: position outputs 
near VSS pads and cluster them together, away from inputs. 
Make sure that there are sufficient VSS pads to service 
output switching current. Identify cell types and name I/O 
Signals. After the completion of the bonding diagram, 
present it to an LSI LOGIC applications engineer for appro- 
val. 


A completed bonding diagram signifies fixed pinout loca- 
tions; while LSI LOGIC cannot guarantee layout according to 
the established pinout, every effort will be made to accom- 
modate the pinout specification. In general, this can be 
accomplished. 


Figure 6.1 shows a sample completed bonding diagram. 
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Figure 6.1 
A Completed 5220 Bonding Diagram 
(68-pin chip carrier) 


CMOS Macrocell Manual 


Chapter 7: Power Calculations 


Junction Temperature 


In calculating propagation delays it is necessary to use the 
junction temperature (i.e., the temperature of the die 
inside the package) in order to determine the temperature 
multiplier: note that a rise in junction temperature 
increases a circuit's propagation delay. 


LSI LOGIC 
CORPORATION 
1601 McCarthy Boulevard, Milpitas, CA 95035 


POWER CALCULATIONS FORM 


Customer Information 


Company Name: 


Engineer’s Name: 
Circuit Name: 


Circuit Data 

Array Series milliwatts/gate (P): .025 (3000 Series) 

(check one) _______.020 (5000 Series) 
.018 (7000 Series) 


Operating Frequency (F) = ___ «MHz 
(in megahertz) 

Ambient Operating Temperature (T,) een EE 
(in degrees centigrade) 

Number of Gates (G): 

Number of Outputs (B): 

Output Load Capacitance (C): 

(in picofarads) 


Register Percentage (R): 
(gate count of registers/total gates) 


Internal Power Dissipation (P 
(in milliwatts) 


int) 


Px Fx Gx {[{R x 0.1] + [( - R) x 0.3]} = P, 


int 


External Power Dissipation (P 
(in milliwatts) 


ext) 


025 mW x F x B x 20% x C = Pay 


Total Power Dissipation (P,,) 
(in watts) 


(Pint + Pext) X O0L = Prot 


Junction Temperature (T 


) 
. J 
(in degrees centigrade) 


(Por X ja) + Ta = T; 


Figure 7.1 
Power Calculations Form 
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Power Calculations Form 


The power calculation form shown in Figure 7.1 helps you to 
calculate the junction temperature. 


Step Completion 


Follow these instructions to complete the power calculations 


forms: 


Step l: 


Step 2: 


Step 3: 


Complete the Circuit Data Section -- Complete each 
part of the Circuit Data Section as follows: 


@ Typical Power Dissipation (P) (millwatts/gate): 
Put a checkmark in the blank corresponding to the 
array series you have chosen. 


@ Operating Frequency (F): Write the circuit's 
operating frequency (in megahertz) in the blank. 


e Ambient Operating Temperature (Ta): Write the 
circuit's ambient operating temperature (in 
degrees centigrade) in the blank. 


@ Number of Gates (G): Write the number of gates 
required by the circuit in the blank. 


e Number of Outputs (B): Write the number of 
outputs the circuit contains in the blank. 


@e Output Load Capacitance (C): If you do not know 
the actual wire lengths between your circuit and 
interfacing chips on the printed circuit board, 
you must estimate the output load capacitance by 
using the input capacitance specifications for 
the interfacing chips. Write your estimate (in 
picofarads) in the blank. 


Calculate the Register Percentage (R) -- Count the 
number of registers lip-flops and latches) your 
circuit contains, and calculate the number of gates 
used by the registers. Divide the gate count of the 
registers by the circuit's total gate count, and 
write the result in the blank. 


Calculate the Internal Power Dissipation (IP) -- 
Using the values you noted in the Circuit Data 
Section, and the Register Percentage you calculated, 
solve the equation shown, and write the result in 
the blank. 


CMOS Macrocell Manual 


Step 4: 


Step 5:3 


Step 6: 


Calculate the External Power Dissipation (EP) -- 


Using the values you entered in the Circuit Data 


Section, solve the equation shown; write the result 
in the blank. 


Calculate the Total Power Dissipation (TP) -- Add 

e internal Power Dissipation to the External Power 
Dissipation and multiply the sum by .001l. The 
result is the circuit's Total Power Dissipation (in 
watts). Write the result in the blank. 


Calculate the Junction Temperature (Tj) -- Multiply 
the Total Power Dissipation by the thermal impedence 
(Oja) of the package you have chosen. (Typical 
package thermal impedences are shown in Table 7.1. 
When the thermal impedence is given as a range, use 
the highest value in the range.) Add the result to 
the Ambient Operating Temperature (Ta) you entered 
in the Circuit Data Section. Write the sum in the 
blank. 


0, Oya STILL AIR 6 4, 300 FT/MIN 


Cc 
PACKAGE TYPE (° C/WATT) (° C/WATT) (° C/WATT) 


16 LEAD DIP— Ceramic 95 
— Plastic 150 
24 LEAD DIP— Ceramic 45 - 60 
— Plastic 110 - 130 
40 LEAD DIP— Ceramic 45-50 
— Plastic 110 - 125 
68 LEAD CHIP CARRIER 50 
with heat sink 
68 LEAD CARRIER 
in socket 40 
with heat sink/socket 
PIN GRID (Cavity Up) 
64-100 (10 x 10 grid) 


Table 7.1 
Typical Thermal Impedences 
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Chapter 8: Design for Testability and Reliability 


This chapter concentrates on ways to design testability and 
reliability into a circuit. As you complete your design, 


follow 
itself 
tester 
can be 


these recommendations for developing logic that lends 
to system simulation, functional simulation, and 
parametric simulation. Details of these techniques 
found in the LSI LOGIC LDS Design Manual, Chapter 2. 


@ Recommended Techniques for Improving a Circuit's Testability 


Know the characteristics of combinational logic 
Add test lines to sequential logic 

Use reset signals to reset registers 
Break up long counters 

Make buried states more accessible 
and observable 

Use Level-Sensitive Scan Design (LSSD) 
to simplify test pattern creation 

Use Transparent latches 

Be sure redundant logic is testable 
Use a test pin to drive all outputs 
and I/O's to high impedance states 


@® Recommended Techniques for Improving a Circuit's Reliability 


Avoid Ring Oscillators 

Use redundant arrays featuring Monitor-Mode 
Be aware of glitch circuits | 

Use potential glitch generators safely 

Avoid Asynchronous Pulse Generators 

Correct glitches by using non-overlapping signal 
generators 

Avoid gated clocks 

Use Johnson counters or separate flip-flops 
to decode terminal counts 

Avoid race conditions 

Avoid feedback paths between registers 

Avoid floating nodes on internal tristate 
buses or external bidirectional buses 

Use output buffers with pull-up or pull-down 
resistors for external bidirectional buffers 
Limit fanout 
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Chapter 9: Test Pattern Generation 


Your device will be tested twice during the manufacturing 
process: once before and once after the device is packaged. 
During both testing sequences, the LSI LOGIC automatic 
tester uses test patterns which you create during tester 
functional and parametric simulations. The tester verifies 
the correct operation of each circuit by clocking in your 
test patterns, and then checking to see whether the output 
patterns are identical to the ones predicted in simulations. 


Final test patterns must conform to the test pattern stan- 
dards. 


The LSI LOGIC LDS Design Manual will detail preparations for 
test pattern generation. (Additional information can be 
found in LSI LOGIC Application Note A32A entitled "Testing 
Logic Arrays.") 
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Chapter 10: 


Gate Macrocells | 


CMOS technology is ideal for logic arrays since it allows 


easy implementation of a variety of logic functions. 


NANDs, 


NORs, AND-OR Inverts, and Exclusive ORs are all easily 
implemented in CMOS. 


CMOS's flexibility makes for smaller, 


Available LSI LOGIC Macrocell gates are shown tabulated in 
A design can be simplified by considering the 
operation of the gate with both active level= high and 


Table 10.1. 


active level-low inputs. 


symbols for each physical implementation. 


Logic design which takes advantage of | 
faster circuits. | 


Table 10.1 provides two logic 


Manipulation of 


the alternate logic symbols and use of DeMorgan's theorem 


can facilitate logic design and minimize gates. (1) 


MACRO- 
CELL 


ND2 


ALSO 
AVAILABLE 


ND3, ND4, 
ND6, ND8 


NR2 


ALSO 
AVAILABLE 


NR3, NR4, 
NR6, NR8 


AO1 


AO2 


Equiv. (") LOGIC 
GATES SYMBOL 


00 OPY 


oO OP 


ALTERNATE 
LOGIC 
SYMBOL 


(1) EQUIVALENT GATES FOR 3K/5K/7K SERIES, LC MAY BE DIFFERENT. 


(1) Winkel and Prosser, The Art of Digital Design, Prentice 


Hall, 


1980 


Chapter 10: 


FUNCTION 


A B Z 
H H L 
H L H 
L H H 
L L H 


ZTmrrr IN reer in 


Gate Macrocells 


REMARKS 


NAND GATES EXHIBIT 
LOWER, MORE SYMMETRICAL 
DELAYS THAN NORS. THEY 
PROVIDE THE ACTIVE 

LEVEL HIGH OR FUNCTION 
FOR COMPLEMENTED 
(ACTIVE LEVEL LOW) INPUTS. 


NOR GATES PROVIDE 
THE ACTIVE LEVEL HIGH 
AND FUNCTION FOR 
COMPLEMENTED (ACTIVE 
LEVEL LOW) INPUTS. 


AO1 PROVIDES BOTH 
AND & OR FUNCTIONS 
WITH A SINGLE 
INVERSION. 


THE AO2 PROVIDES AND, 
OR FUNCTIONS WITH A 
SINGLE INVERSION. 
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ALTERNATE 
MACRO- LOGIC LOGIC 
CELL SYMBOL SYMBOL FUNCTION 
A B CD 2Z 
EO1 
| H H X Xo L 
Xx X LL. 
EO1 Zz L xX H X H 
X LH X H 
L x xX H 4H 
X LX H H 
. A BC D2 
A EON! r L LX X H 
B B X X H H H 
EON1 Zz z X H X LiL 
c Cc H X X LoL 
D D X H bE X L 
H X L X L 
‘e AO3 
B 
AO3 : 
> z 
A BC Zz 
A L Le xX H 
B Xx XL H 
AO4 2 z fe a : 
c 
: X H H L 
H xX xX L 
| X H xX L 
A z 
‘A BC 
H H xX L 
H xX H L 
AOS 3 B Z X H oH L 
LoL XxX H 
L xX oL H 
Cc X LoL H 
: | AB z 
A 
B L L L 
EO 3 »—z 2 H oL H 
A L oH H 
B H H L 
A Bc z 
LoL OL L 
LoL oH H 
A L HL H 
EO3 B L oH oH L 
Cc H LoL H 
H L H L 
H H oL L 
H H H H 
‘ A B Zz 
n B LoL H 
EN a )J Do—z z Hoo L 
L oH L 
H H H 
A Bc z 
ik H 
L L-L H L 
A A L HL L 
ENS 5—} z : z LHR 
Cc Cc H LoL L 
H L H H 
H Ho oL H 
H H H L 


Table 10.1. 
Combinatorial Macrocells 
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REMARKS 


THE EO1 PROVIDES 
AN INVERTING DATA 
SELECTOR WHEN 

B AND C ARE 
CONNECTED. 


THE EON1 PROVIDES 
A NON-INVERTING 
DATA SELECTOR 
WHEN B AND C 

ARE CONNECTED. 


THE AO3 PROVIDES 
OR & AND FUNCTIONS 
WITH A SINGLE 
INVERSION. 


THE AO4 IS 

IDEAL FOR THE 
AND-OR FUNCTION 
WHEN COMPLEMENTED 
INPUTS, i.e., INPUTS IN 
OPPOSITE STATES, 
ARE AVAILABLE. 


THE AO5 PROVIDES 

THE MAJORITY 
FUNCTION; WHEN ANY 
TWO INPUTS ARE 

HIGH, THE OUTPUT 

IS LOW, AND VICE-VERSA. 


THE EXCLUSIVE OR 
FUNCTION ALSO WORKS 
AS A GATED INVERTER, 
WHEN B IS LOW, Z = A, 
WHEN B IS HIGH, 

Z=A. 


3-INPUT 
EXCLUSIVE 
OR 


THE EXCLUSIVE NOR 
PROVIDES THE 
COMPARE FUNCTION, 
Z = H WHEN A - B. 


3-INPUT 
EXCLUSIVE 
NOR 


The remainder of this manual consists primarily of the 
macrocell and macrofunction catalog, with some preliminary 
information about gate macrocells, on-chip buffers, 
flip-flops, latches, I/O buffers, and counters. 


Refer to the table of contents for: 
@® alphanumeric listing of macrocells 
@e alphanumeric listing of macrofunctions 
Refer to Appendix I, The Selector Guide for: 
e functional listing of macrocells 


e functional listing of macrofunctions 


Note 1: 


The delay values for macrocells in both the 5000 and 7000 
Series arrays have been calculated based on statistical 
wirelengths for a 2200 gate array. For macrocells in a 3000 
Series array, calculations were based on an 1100 gate array. 
For larger arrays, the delay values increase due to longer 
wirelengths. For example, a 6000 gate array has approxi- 
mately 10% slower performance for a macrocell with a fanout 
Of 3% 


Note 2: 


All macrofunctions using transmission gates will be replaced 
by a MUX21LA. 
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11.1 Flip-Flop Characteristics 


Flip-Flops and Latches 


The following table lists all of LSI's flip-flops and their 


Major characteristics. 


FUNCTION 


D CP 


Chapter 1l: 


Q QN 


Flip-Flops and Latches 


REMARKS 


No async inputs 


No async inputs 
with scan test 
inputs 


With clear direct 


With scan test 
inputs, clear 
direct 


With clear direct, 
set direct 


l1l-1 


MACRO- LOGIC 
CELL _ SYMBOL | FUNCTION 


D TI TE CP CD SO With scan test 


inputs, clear. 
FD3S direct, set direct 


With set direct 


D TI TE CP SD With scan test 
inputs, set 
direct 


Without buffered 
clocks 


Without buffered 
clocks, with 
scan test inputs 


Without buffered 
clocks, with. 
clear direct 
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EQUIV. 
GATE 
COUNT 


MACRO- LOGIC 
CELL SYMBOL FUNCTION 


D TI TE CP CPN CD 


TYPE REMARKS 


Without buffered 
clocks, with 
scan test inputs 
clear direct 


Without buffered 
clocks, with 

clear direct, 

set direct 


TE CP CPN CD Without buffered 
clocks, with 

scan test with 

clear direct , 


set direct 


CP CPN SD Without buffered 
clocks, with 


set direct 


Without buffered 

clocks, with 
scan test inputs 

set direct 
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LOGIC ) | 
SYMBOL FUNCTION REMARKS. — - 


TI TE CP With scan 
test inputs 


With clear 
direct 


K TI TE CP CD With scan 
test inputs, 
clear direct 


With clear direct 
set direct 
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MACRO- LOGIC 
CELL SYMBOL © FUNCTION 


J « TI TE CP CD SD With scan test 
inputs, clear 
direct, set 

direct 


< «< KCK KK RFP YY OO OD 
< «—§ «KX <—< < EF Oo eK & 


Without buffered 
clocks,with 
clear direct 


Without buffered 
clocks,with 
clear direct, 

set direct 


Without buffered 
clocks,with 
set direct 


Table 11.1 
Available Flip-Flops 
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11.2 


11.3 


Types of Flip-Flops 


All D flip-flops change outputs on the positive rising clock 
edge. Their asynchronous inputs are active level-low. Some 
D flip-flops are available with all combinations of asynch- 
ronous inputs, and with scan test input. Parts FD1 through 
FD4 make useof a single phase clock. FD5 through FD8 
require a dual-phase clock. Be sure to keep clock skew 
between CP and CPN at a safe level. These latter flip-flops 
(i.e., FD5 through FD8) have somewhat better set-up and 
delay time specifications than other D-type flip-flops since 
they do not have internal clock buffers. 


All JK type flip-flops use a single-phase clock. They are 
available with various combinations of asynchronous inputs 
and scan-testability. | 


T flip-flops are available only with dual-phase clocks. 


They are used almost exclusively for ripple counters, as 
shown in Figure 11.1 


INPUT 


RESET 


Figure 11.1 
Ripple Binary Counter Using FT2 T Flip-Flops 


Usage Limits 


Heavy input loading on T flip-flops slows clocks down; this. 
reduction in clock speed is called clock skew. Clock skew 
may cause unreliable circuit operation. In all but scan 
test flip-flops, the Q output (called the "independent 
output") changes first. The QN output (called the "depen- 
dent output") is driven by the Q output, and changes later. 
The skew between Q and QN outputs increases when the depen- 
dent output is heavily loaded. Minimize clock skew on 
ripple counters by not heavily loading QN outputs. 
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@e Avoid Gated Clocks -- To remove gate delay as a clock skew 
source, avoid gated clocks. In the single-layer 3000 
Series, the amount of polysilicon in clock lines is kept 
to a minimum during physical design to minimize skew. In 
the double-layer arrays, such as the 5000 and 7000 Series, 
you may eliminate clock skew altogether by using a large 
buffer (such as a BlI) to drive all clock inputs simulta- 
neously. 


@ Use Scan Test Flip-flops to Simplify Layout -- Scan test 
flip-flops can be useful even if you aren't using scan 
testing. Because they have built-in input multiplexers, 
you can use them to store data from one of two sources. 
Figure 11.2 shows a shift register with a synchronous 
parallel load implemented with FD2S scan test flip-flops. 
Although the gate count is the same as it would be if you 
were using an external multiplexer, the number of nets and 
macrocells is reduced, thereby simplifying layout. 


INPUT 


PARALLEL 


Figure 11.2 
Scan Test Flip-Flops Used to Simplify 
Design of Shift Register with Parallel Load 


11.4 Calculate Setup and Hold Times 


A flip-flop's setup time is the minimum time the data pin 
must be stable before the active edge of the clock pin 
occurs. The hold time is the minimum time the data pin must 
be stable after the active edge of the clock. Figure 11.3 
illustrates this concept. 
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| 

| a ae 
CLOCK PIN | 

| | | 

| | 

| | 

| 

| 


DATA PIN | | 


{ 


| 
| T setup J 


Thold | 


Figure 11.3 
Definition of Setup and Hold Times 


Both setup and hold times are a function of the internal 
propagation delays of the master portion of the flip-flop 


only. As such, they are independent of loading on the Q and 


ON outputs. 


To calculate setup and hold times you must analyze the 


logical schematic representing the flip-flop. Figure 11.4 


shows an FD1 flip-flop with each of its internal elements 
labeled. 


CP 


ee ee ee | 
coe a SO a me os en OS a OO 


[| eee mn Gus On GR DE GE GD OU ee a GS ee oe 


Master Slave 


Figure 11.4 
FD1 Macrocell 


Assume initially that the clock pin is low. MTherefore, 
transmission gate G4 is enabled and G3 is disabled. Any 
Signal changes occurring on the data pin will affect the 
outputs of G5 and G6. The result is a change in signal 
state that is set up on input G3, as illustrated in Figure 
11.5. | 
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Data Pin 
changes State 


Q AAA. 
D QN 
‘ 
CP CP is low 
G3 is disabled 
v G4 is enabled 
: Q 


G4 is enabled. The signal 
that is set up on the 
input of G3 changes 
because the data pin changes. 


Figure 11.5 
FD1 Flip-Flop with Clock Pin Low 


When the clock pin goes high, G3 is enabled and G4 is 
disabled. As a result, the signal set up on G3's input is 
transmitted through G3 and G5 to the slave portion. Since 
G4 is disabled, any data changes occurring on the data pin 
are blocked out, as shown in Figure 11.6. 


any changes on the 
data pin are blocked by G4 


D QN 
CP CP is high 
G3 is enabled 
G4 is disabled 
Q 


signal from G3 is 
transmitted to the slave 


Figure 11.6 
FD1 Flip-Flop with Clock Pin High 
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To meet setup-time requirements, the signal at G3's input 
must be stable prior to the time that G3 is enabled. Since 
any changes occurring on the data pin must go through G4, 
G5, and G6 before reaching G3, the setup time is the sum of 
the propagation delays through these latter 3 gates. Howev= 
er, the clock signal must go through Gl and G2 before enabl- 
ing G3. Therefore, the setup time for the FD1l flip-flop is 
equal to the sum of the G4, G5, and G6 propagation delays 
minus the sum of the Gl and G2 propagation delays. The 
equation is: 


Tsetup = (TpdG4 + TpdG5 + TpdG6) = (TpdGl + TpdG2) 
To meet hold-time requirements, the data pin must not change 
state before G4 is disabled. Since the clock signal must 
propagate through Gl and G2 before disabling G4, the hold 
time is equal to the sum of the Gl and G2 propagation delay. 
The equation is: 
Thold = (TpdGl + TpdG2) 


Table 11.2 shows the setup and hold times for the FD1 flip- 
flop under various operating conditions. 


Nominal |Worst-case|Worst-case| Worst-case 
Condition|Commercial|Industrial| Military 
re ee 


Table 11.2 
Setup and Hold Times for the FD1 Flip-Flop 
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Table 11.3 shows the Setup and Hold Time (under nominal 
conditions) for all of the flip-flop macrocells in the 3000, 
5000, and 7000 Series. 


3000 Seried: 5000 Series 7000 Series 
Cell Setup Hold Setup dHold Setup Hold 
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* Note: hold time may be negative. 


Table 11.3 
Setup and Hold Times for All Flip-Flops 


Chapter 11: Flip-Flops and Latches ll-1l 


11.5 Clock Pulse Width 


To ensure proper flip-flop operation, be sure that clock 
signals meet minimum positive and negative clock pulse-width 
conditions. 


While the clock pin is low (see Figure 11.5) the signal from 
the data pin propagates through G4, G5, G6, and is set up on 
the input of G3. The clock signal must remain low during 
this period so that the master can latch in the correct 
data. The minimum negative pulse width is: 


T(pw-) = (TpdG4 + TpdG5 + TpdG6) 


Since the master drives no external loads, the minimum 
negative pulse-width is independent of the loading on the Q 
and ON outputs. 


While the clock is high, data is transferred from master to 
Slave. The data signal propagates through G8, G9, and G10 
and is set up on the input of G7, as illustrated in Figure 
5 as | 


QN 


CP is high 
G7 is disabled 
G8 is enabled 


data is transferred from master to 
slave and is set up on the input of G7 


Figure 11.7 
FD1 Minimum Positive Clock Pulse Width 
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The minimum positive clock pulse width is: 
T(pw+) = (TpdG8 + TpdG9 + TpdGl0O) 


The clock signal must remain high during this period, allow- 
ing the slave to latch in the correct data. 


Unlike the master, the slave drives external loads, i.e., G9 
drives the 0 output and G10 drives the ON output. If Q 
drives a high fanout line, then the propagation delay of G9 
increases, increasing the minimum positive clock 
pulse-width. The same argument applies to G10 and the ON 
output. Table 11.4 shows the minimum clock pulse-width for 
the FD1 flip-flop with a fanout of zero. 


8.7 9.2 


Tpwt Data=0 11.1 
Data=1l 11.1 
Table 11.4 


Minimum Clock Pulse_Width for the FD1 Flip-Flop 


The minimum positive clock pulse-width is a function of 
loading on the O and ON outputs. In most applications, you 
must buffer both O and ON outputs with an IVA and/or an IVP 
before they can drive a high fanout line, as indicated in 
Figure 11.8. 


Figure 11.8 
Buffer QO or ON Outputs 
Before Driving a High Fanout Line 
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11.6 


11-14 — 


Latches 


Latches provide size= and speed-advantages over flip-flops. 
Four Detype latches are available: 


@e LD1l, with active levele-high control sali input 
@e UD2, with active level-low control (gate) input 


e LD3, a gated D Latch with active re ec aL and 
asynchronous clear. 


e LD4, a gated D Latch with active level-low and 
asynchronous clear. 


LDI and LD2 require three ates: LD3 and LD4 require four 
gates. 


Two special purpose scan test latches, the LS1 and the LS2, 

are available for classic Level Scan Sensitive Design. You 

may also use the LSI when you require a two-input multiplex- 
er. Note that only one control (gate) input may be high at 

a time. 


Use the RAM1 macrocell to configure dual port 
register/memory requiring separate read and write address- 
inge RAM1 consists of a gated D latch coupled with a sepa- 
rately addressable tristate output. 
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Table 11.5 lists all of the latches and their major charac- 
teristics: 


EQUIV. | 
LATCH | LOGIC GATE 
NAME | SYMBOL FUNCTION COUNT |TYPE REMARKS 


Active level high, 
control gate input . 


Active level tow 
control gate 


c : 
i. <Q 
: 
a 
~ 


Active level high 
with clear direct 


Active level low 
with clear direct 


Table 11.5 
Available Latches 
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Chapter 12: On-Chip Buffers 


For speed-sensitive paths, a maximum fanout of four standard 
loads should be bused. For higher fanouts, on-chip buffers 
will generally provide increased speed. 


Figure 12.1 tabluates available on-chip buffers. The input 
loading is shown in terms of standard loads; one standard 
load is defined as one N and one P transistor, i.e., the 
number comprising a simple inverter. Output Drive is also 
shown in terms of a simple inverter; an output drive of 4 
will have one fourth the output impedance of a simple 
inverter. Note that buffers such as the B1I use an output 
buffer internally; one I/O pad is sacrificed. The BTS4 is 
an internal tri-state buffer; if all buffers are off, the 
node will float and partially turn on, i.e., enable, receiv- 
ing elements, causing dc power supply current to flow. Each 
internal bus must be driven by one and only one tristate 
driver at all times. 
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INPUT LOADING/OUTPUT DRIVE (1) 
2) 
DESIG-— 3000 5000 7000 EQUIV. 


NATION SERIES SERIES SERIES GATES REMARKS 


Balanced 1.5/1.5 1.5/1.5 1.5/1.5 1 One N, Two P 


Inverter 


Power 
Inverter 


Power 
Inverter 


2/2 


2/2 


3/3 


2/2 


3/3 


Transistors (4) 


Two Parallel 
Inverters 


Two N, Four P 
Transistors (4) 


Power 6/6 6/6 
Inverter 


Four N, Eight P 
Transistors (4) 


Power 3/3 3/3 
Inverter 


Three Parallel 
Inverters 


Power 4/4 4/4 
Inverter 


Four Parallel 
Inverters 


Non-Invert- ) 1/3 1/3 
ing Buffer 


Inverted Output 
Also Available 


Non-Invert-— 2/2 2/2 
ing Buffer 


Inverted Output 
Also Available 


Non-Invert— 3/12 3/12 
ing Buffer 


Bl Output Buffer 
Used Internally 


Non-Invert-— 2/1 2/1 
ing Buffer 


Tri-State Inter- 
nal Bus Driver 


Notes: 


(1) Input Loading is one N=-P pair, i.e. the same as that of a 
Simple inverter. 
Output drive is defined in terms of a simple inverter. 
(2) Equivalent gates for 5000 Series; others may differ. 
(3) Requires output driver and pad 
(4) Symmetric rise and fall propagation delay cells 


Figure 12.1 
On-Chip Buffers 
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Chapter 13: Input Buffers 


13.1 Input Buffer Components 


Signals coming from off-chip go through an input buffer made 
up of the following: 


@® an input protection circuit 
@ an optional voltage translator (TTL or Schmitt trigger) 
@® an input buffer to drive the signal on-chip 


@ an optional pull-up or pull-down resistor to increase 
noise immunity 


The input protection circuit consists of a series resistor 
with diodes returned to VSS and VDD (Figure 13.1). The 
series resistor introduces a small R-C (resistance-capaci- 
tance) delay, typically of 1 ns. 


Vpp 


1.2K 


3000 
SERIES Vss 


5000 7000 
SERIES Vss SERIES Vss 


Figure 13.1 
Input Protection Circuits (typical resistances shown) 
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13.2 


Two voltage translators are available: a Schmitt trigger and 
a TTL input translator. The Schmitt trigger typically 
exhibits 1.5 volts of hysterisis. (Hysterisis prevents the 
element from reacting to noise by the inclusion of two 
thresholds.) Use the Schmitt trigger for noisy or slowly 
changing inputs. The TTL input translator accepts standard 
TTL worst-case inputs of 0.8 VIL MAX and 2.0 VIH MIN (2.25 
VIH MIN for industrial and military temperature ranges). 
Because TTL input translators decrease noise immunity and 
add propagation delay, you may use external pull-up resi- 
stors on TTL signals to eliminate the need for a translator. 


If you do not use voltage translators, the circuit will 
exhibit standard CMOS input specifications of 1.3V VIL MAX 
and 3.5V VIH MIN. 


You may specify pull-up or pull-down resistors to provide 
noise immunity to an input. The resistors hold an input at 
logic one or logic zero when the logic is in the steady 
State. The resistors, whose typical values are 50K ohms in 
the 3000 and 7000 Series, and one megohm on the 5000 Series, 
are intended only to reduce noise. Do not use them to pull 
a node up or down, except nodes that are in steady state. 
Refer to individual data sheets for more information. 


Characteristics 
Table 13.1 details input buffer macrocells. Each input 
buffer uses one pad location. For high fan-in applications, 


put an internal buffer after the input buffer to minimize 
delay. 
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NO. ee 
ee 
- I/O LOGIC 
MACROCELL Peeee SYMBOL REMARKS 

Input pad with buffer 

IBUF for CMOS input 
Input pad with pull 

IBUFU up and buffer for 
CMOS input 
Input pad with pull 

IBUFD down and buffer for 

CMOS input 

Buffer for bidirect 

IBUFI CMOS input 


Inverting pad with 
IBUFN buffer for CMOS 
input 
Inverting 
ICK1l clock driver 
Inverting 
ICK2 clock driver 
Input pad with 
SCHMDT1 Schmitt trigger 
Input pad with 
SCHMDT2 inverting Schmitt 
trigger 
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NO. INTERNAL 


CELLS 


NO. I/0 


A 


Table 13.1 
Input Buffer Summary 


REMARKS 


Input pad with buffer 
for TTL input 


Buffer for bidirect 
TTL input 


Inverting input pad 
with buffer for TTL 
input 
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14.1 


Chapter 14: Output Buffers 


Output Buffer Characteristics 


You may configure output buffers in standard, tristate, or 
open drain form. (An open drain is an output that can 
either float or go low, but can never go high.) You may 
also configure output drive to match system requirements. 
High drive buffers may use more than one pad, decreasing 
available I/O pads, and increasing VDD/VSS requirements. 
Table 14.1 tabulates available buffers, their worst case 
sinking currents at 0.4 volts, the number of pads each 
buffer uses, and the number of internal gates each buffer 
uses. Internal gates are used to form a predriver; in 
general, output buffers use both internal gates and one or 
more pads. 


Input/Output (bidirectional) buffers are also listed in 


Table 14.1. By putting the buffer into the high impedance 
state, you may use the depicted pin as an input. 
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| 3000 Series 5000 Series 7000 Series 


Current Load Current Load 


(ma) (ma) #V/O —— Gate (ma) (ma) #1/O Gate 
1OL 10H Slots DT Count 10L 10H Slots OT Count 


Current Load 


(ma) (ma) #1/O Gate 
1OL 1OH Slots DT Count 


Buffer 
Name 


-------------- Not Available------------- 1 a 4. | 25. Al 1 — 4 Qe 4 
-------------- Not Available------------- 2 -2 1 5 1 2 -2 1 5 1 

. -1.6 1 1 1 4. -4 1 1 2 4 -4 1 1 2 
1.6 me 1 1 4 oe 1 1 4 ee | 1 1 
Internal Buffer 1 1 1 Internal Buffer 1 1 2 Internal Buffer 1 1 2 
3.2 -3.2 2 2 2 8 -8 2 2 4 8 -8 2 2 4 
3.2 ---- 2 2 2 8 ---- 2 2 2 8 ---- 2 2 2 
OscillatorCell 3 2 1 Oscillator Cell 3 2 0 Oscillator Cell 3 2 0 
48 -48 3 3 3 12 -12 4 3 2 12 -12 4 3 2 
48 ---- 3 3 3 12 ---- 3 3 3 12 ---- 3 3 3 


-1.6 1 1 4 
-3.2 2 2 5 
-48 3 


4 1 1 7 4 4 1 1 7 
-------------- NOt Available------------- 4 1 1 7 4 as 4 4 7 
-------------- NOt Available------------- 4 1 1 4 4 peck 1 4 
a 1 4 4 | 1 1 4 as, 1 1 
6 4 4 > | 1 7 4 ae 14 1: 7 
-------------- Not Available------------- > 2 1 5 5 2 | 5 3 
-3.2 8 -8 2 Z 8 8 -8 2 2 8 
-3.2 2 2 5 8 -8 2 2 8 8 -8 2 2 8 
48 3 12 42° <2 3 11 12 42. 3 3 1 
-------------- NOt Available------------- 12 si2i- 2 3 11 12 12 3 3 1 
48 3 12 12. 3 3 11 , 12 3 3 11 


Note: jOL, IOH current ratings are for worst-case commercial conditions. 
lOL, IOH for worst-case military is 3.6ma for the 5K and 7K. 


Table 14.1 
Output Buffer Summary 
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14.2 


14.3 


Propagation Delays 


Consider propagation delay when choosing output buffers. 
Output-buffer propagation delay is a function of buffer 
type, capacitive load, and type of element being driven. 
When driving CMOS chips, buffer delays are normally meas- 
ured from their inception to the time at which the signal 
achieves the CMOS threshold of 2.5 volts. When driving TTL 
or CMOS with TTL input translators, the delays are normally 
measured to the TTL threshold from their inception to the 
time at which the signal achieve a CMOS threshold of 1.4 
volts. The output buffer delays shown in the macrocell 
models are measured to a 1.4 volt threshold. 


Propagation delays are the sum of a fixed predriver delay 
and a load-variable output-driver delay. High drive buff- 
ers such as B2 and B3 have larger fixed delays, but lower 
total delays into high capacitive loads. For example, in 
the 5000 Series, a Bl (4.8 madc) has an average delay of 
3.7 ns driving 15 pF, 12.1 ns when driving 100 pF. The 
hefty B3 (14.4 madc) has an average propagation delay of 
4.7 ns driving 15 pF, 7.65 ns driving 100 pF. Clearly, the 
Bl is faster when driving light loads. 


Buffer Drive 


Use the lowest drive buffer that meets your specifications. 
Buffer drive has an impact on the number of required power 
pins. In general, you should select the lowest-drive buff- 
er meeting your ac and dc drive specifications for each 
Output pin. This minimizes gates, pads, and power pins, as 
well as system noise. 
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Chapter 15: Counters 


Considerations About Counters 


Keep the following considerations in mind when you are 
designing counters. 


Synchronous Clear -- Use synchronous clear when you want 

a counter to return to the initial state after detecting 

a final state. This scheme can be used with counters of 

fixed or variable modulos. Reference macrofunctions CB4C 
and SR45 are examples of synchronous clear counters. 


Synchronous Parallel Load -- Use synchronous parallel 
load when you want a counter to enter a predefined state 
after decoding the terminal state. Like synchronous 
clear, this scheme can also be used in counters with 
fixed or variable modulos. Synchronous load counters use 
more gates than synchronous clear counters, and thus 
operate more slowly. Reference macrofunction SR45 is an 
example of a synchronous parallel load counter. 


Expandable Counters -- Many counters are expandable to 
increase the number of stages. Ripple carry between 
stages may increase propagation delay. Reference macro- 
functions CUD41, CB4l, and M160D are examples of expanda- 
ble counters. 


Shift Counters -- Shift counters are both fast and 
compact. Reference macrofunctions CM8SR and C5LSR are 
examples of shift counters. 


Binary Counters -- Binary counters simplify arithmetic 
Manipulations on counter states. Reference macrofunc- 
tions CM8B, CB4C, CB4F, CB4l, and CUD41 are examples of 
binary counters. 


Ripple Binary Counters -- Ripple counters have the lowest 
gate count per bit, but their asynchronous nature and 
long ripple delay limit their use to special purpose 
applications such as pre-scalers, where their limitations 
are acceptable. Reference macrocell CM8BR is an example 
of a ripple binary counter. A modulo number is equal to 
the number of signals a storage element will receive 
before it recycles; you can create ripple binary counters 
in any modulo by using CMBR an an example and following 
the four steps ennumerated below: 


1. String n FT2 flip-flops together, where 2 EXP n > 
desired modulo. 
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2. NAND the 1's of the terminal count into an LD2 latched 
with CP. Note: The NAND must be valid, and the LD2 
set up before the next low-high transition of CP. 


3. AND the LD2 (ON output) with CP. 


4. NOR Step 3 with CD and use to clear all FT2 
flip-flops... 


e Synchronous Counters -- In synchronous counters, all 
outputs switch on the same active edge of the clock. 
They are faster than asynchronous counters. Reference 
macrofunctions CM8B and CB4C are examples of synchronous 
counters. 


e Gray Counters -- Use gray counters when you want a single 
bit change on each clock pulse, or to accomodate high 
clock rates. Gray counter decoded states do not generate 
glitches. Reference macrofunction C3G is an example gray 
counter. 


@e Johnson Counters -- Johnson counters are shift registers 
with feedback; n flip-flops within a Johnson counter will 
provide modulo 2n counts. They are fast because there 
are no gates between flip-flops. Any state may be . 
decoded with a two-input NAND or NOR for glitch-free gate 
output. Reference macrofunction CM8J is a Johnson 
counter. 


e Linear Feedback Counters -- Sometimes called pseudo-ran- 
dom or polynomial counters, linear feedback counters are 
shift registers with one or more exclusive OR feedbacks. 
Linear feedback counters exhibit a modulo of 2" for n 
flip-flops, as opposed to binary counters, which exhibit 
2" states. 
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Linear feedback counters have a number of advantages... 
They are fast, with only the delay of exclusive ORs 
between flip-flops. They have the lowest gate count per 
state of any synchronous counter. And they have the 
following additional properties, which are sometimes 
necessary or desirable: 


@e Count sequences satisfy many random number criteria. 
@e They may be used as pseudo random—-number generators. 


@e They may be used to encrypt and decrypt transmission 
data. 


e They may be used to generate check sums or CRC charac- 
ters. 


e They have strong auto-corrolation properties. 


The disadvantages of linear-feedback counters are their 
unfamiliarity relative to other counters, and the diffi- 
culty of decoding their random count sequences. Linear 
feedback shift counters are advantageous for use as high 
modulo counters where only a few states must be decoded. 


C5LSR, a 5=bit modulo 31 linear feedback counter, and its 
state table are shown in Figure 15.l. : 
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15.2 


15-4 


THESE 
STATES 
DIFFER IN 


THEIR FIRST 


BIT ONLY 


Truncation 


Q, Qs 


5-BIT SHIFT REG. 


Qc Qn Qe 


OLD 
STATE 


NEW 


Qa Qp Qc Qp QE STATE 


STATES TO 

BE DELETED— 
BECOME DON’T 
CARE 


Qoooo0oH2 mat COB 0 COOH OB On ane H/OH 200/044 0 
OCOoooniw wt OO OC OC OH OBO HB wt eB VB O] HB HB OHO OHH 4H OO 
CoCOe wa KH OOH0C COCO H0 24OxHx ne SB BO ef B Ont OO HAH OOO 
coos sw sm OOn Qo0oeasosn One att er Oe stiOon Oo42 43/0000 
Oe ert OOnBOOO HO HBO eB ast Oat nt OZ OOH OLOO CO 


Figure 15.1 
C5LSR Modulo 31 Linear Feedback 
Shift Counter Generic Macrofunction 


You can "truncate" a Linear Feedback shift counter to any 


required modulo with a 
a modulo 25 counter is 
base modulo 31 counter 
by forcing QA to a one 


few extra gates. For example, suppose 
required. The count sequence of the 
shows that 6 counts can be truncated 
when the state OA QB QC OD OF is 
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attained, thereby bypassing six states, as shown in Figure 
15.2. This would normally require a five-input gate, but the 
state QA QB QC OD QE has been bypassed, and is now in a 
"don't-care" state. QE can be deleted, and the gate becomes 
an ND4. You can obtain any modulo through sequence trunca- 
tion by modifying only the first bit of a count state. 
However, the extra gate introduces a speed penalty. 


Qn Qgp Qc Qp Qe 


2 
Qe 5-BIT SHIFT REG. 


Qa Qg Qc Qp QE STATE 


0 0 0 0 0 0 
1 #0 0 0 O 1 
1 1 0 0 =O 2 
0 1 141 O O 3 
0 0 14 1 #0 4 
1 0 0 1 1 5 
o 1 0 0 1 6 
101 90 0 7 
1 #1 0 #71 #0 8 
o 114 0 1 9 
1 0 414 #14 #90 10 
1 #14 #0 14 #1 11 
1 #1 #174 O 17 12 

| 1 #1 7 #1 «90 13 
o 1 14 41 ~=«1 14 
1 0 714 4 #1 15 
0 1 0 1 1 16 
10 1 0 41 17 
0 1 0 4 #0 18 
0 0 1 0 1 19 
o 0 0 1 0 20 
1 0 0 0 1 21 
0 1 0 0 0 22 
0 0 1 0 QO 23 
10 0 14 =O 24 
1 #1 0 0 1 25 
11 #1 #0 0 26 
0 1 1 #1 =0 27 
o 0 1 1 1 28 
0 0 OO 1 1 29 
0 0 0 0 1 30 
0 0 0 0 0 0 


Figure 15.2 
Modulo 31 Linear Feedback Shift 
Counter Truncated to Modulo 25 
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15-6 


A manual technique for truncation is: 


e Simulate the untruncated Linear Feedback shift counter 
and print the states in a column. 


@e Cut a piece of paper to a length corresponding to the 
number of states to be deleted minus 1 in the simulation 
print-out column. 


@ Move the paper up and down, looking for two states which 
differ by only the first bit. 


e Detect the state prior to the state to be modified, and 
force the first bit to the appropriate opposite state. 
The bypassed states become don't-cares; they may simpli- 
fy the state detection gate. 


Both Johnson and Linear Feedback counters have lock-up states 
from which they will not exit. This is normally not a 
problem, since all counters must be initialized for testing. 
Use the chip-initialization capability to power-on reset each 
time power is brought up, so that the counter is initialized 


with no danger of entering a lock-up state. If power is 


brought up without initializing to a known state, you must 
force the counters out of lock-up states. 


The lock-up state of a Linear Feedback shift counter is the 


all-ones state. You can protect against lock-up by detecting 
the all-ones state and forcing a flip-flop input low. 
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Chapter 16: Adders 


ADDER Network Examples 


Several carry look-ahead ADDERS have been assembled as . 
macrofunctions for the convenience of designers. CLA1 and 
CLA2 are 4=bit ADDERS with and without least significant 
nibble (1/2 a byte), while FA4 is a 4-bit binary full ADDER. 
Figures 16.1 and 16.2 below show how 44-bit fast ADDERS can 
be constructed using the FA4 macrofunction. 


Figure 16.1 
Using two FA2 Macrofunctions 
to Form a 4-Bit Fast ADDER 


Chapter 16: Adders 16-1 


Figure 16.2 
Using the FA4 Macrofunction 
to Form a 4-Bit Fast ADDER 


As shown above in Figure 16.1, if the ADDER is constructed 
using two FA2 macrofunctions, the number of gates used will 
be 40. The longest delay path will be up to 29 ns (nominal 
5000 Series). If the FA4 macrofunction is used, the longest 
delay path is reduced to 21 ns, but it will occupy 51 gates. 


Figure 16.3 shows the simulation results for both networks. 


The input and output signals are displayed (until stable) 
for 8 input patterns using an arbitrary 100 ns clock cycle. 
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DELAY VALUE GENERATED DELAY VALUE GENERATED 


FROM TWO FA2 TO BUILD FROM FA4 TO BUILD A 
A 4 BIT ADDER 4 BIT ADDER 
(CCC COC C((C(WOWH 
CABABABAB SSSSC CABABABAB SSSSC 
000112233 01234 000112233 01234 
))))))))) J)))) ))))))))) DY) 
INPUTS OUTPUTS INPUTS OUTPUTS 
TIME TIME 
0 QO0000000 XXXXX 0 000000000 XXXXX 
ist 5 000000000 OXXX0 § 000000000 OXXXX 
PATTERN 9 000000000 OX0X0 Ist 7 000000000 OXXX0 
14 000000000 00000 PATTERN 11 000000000 OOXX0 
14 000000000 000X0 
100 111111111 00000 23 000000000 00000 
103 111111111 10000 
2nd 108 111111111 11010 100 111111111 00000 
109 111111111 11011 103 111111111 10000 
117 111111111 11111 2nd 104 111111111 10001 
113 111111111 11101 
200 000000000 11111 114 111111111 11111 
202 000000000 01111 
3rd 205 000000000 01110 200 000000000 11111 
209 000000000 01010 202 000000000 01111 
214 000000000 00000 204 000000000 01110 
3rd 211 000000000 00110 
300 101010101 00000 214 000000000 00010 
303 101010101 10000 219 000000000 00000 
306 101010101 00000 
4th 307 101010101 00110 300 101010101 00000 
319 101010101 00010 303 101010101 10000 
324 101010101 00000 306 101010101 00000 
329 101010101 00001 4th 307 101010101 00110 
308 101010101 01110 
400 000000000 00001 311 101010101 00110 
403 000000000 10001 316 101010101 00010 
405 000000000 00000 319 101010101 00000 
oth 406 000000000 01110 321 101010101 00001 
409 000000000 01010 
414 000000000 00000 400 000000000 00001 
5th 403 000000000 10001 
6th §00 001010101 00000 405 000000000 00001 
507 001010101 11110 406 000000000 OXX1i 
407 000000000 00010 
7th 600 000000000 11110 408 000000000 00000 


605 000000000 00000 
500 001010101 00000 


700 110101010 00000 6th 507 001010101 10110 
703 110101010 10000 508 001010101 11110 
706 110101010 00000 
8th 707 110101010 00110 7th 600 000000000 11110 
719 110101010 00010 605 000000000 00000 
724 110101010 00000 
729 110101010 00001 700 110101010 00000 
8th 703 110101010 10000 
800 111001100 00001 706 110101010 00000 
9th 805 111001100 00000 707 110101010 00110 


806 111001100 11110 
Figure 16.3 


Comparison of Delay Results Between 
the FA2 and FA4 to Form a 4-Bit ADDER 
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An 8=-bit fast ADDER can be constructed using CLAl1 and FA4 as 
shown below in Figure 16.4. 


| Figure 16.4 
Using the CLAl and FA4 Macrofunctions 
to Form an 8-Bit Fast ADDER 


16-4 CMOS Macrocell Manual 


This configuration uses 117 gates and the longest delay path 


is up to 24 ns (nominal 5000 Series) as shown below in 


Figure 16.5. 


lst 
PATTERN 


2nd 


3rd 


4th 


5th 


6th 


Delay Results Using the CLAl and FA4 
Macrofunctions to Form an 8=—Bit Fast ADDER 


Chapter 16: 


THE LONGEST DELAY PATH IS UP TO 24NS 


AT NOMINAL SIMULATION 


00000000000000000 
00000000000000000 
00000000000000000 
00000000000000000 
00000000000000000 
00000000000000000 
00000000000000000 
00000000000000000 
00000000000000000 


11121111111111111 
121111211121111111 
11111111111111111 
11111112111111111 
11111112111111111 
11111111111111111 


10000000011111 
10000000011111 
10000000011111 
10000000011111 
10000000011111 


00000000000000000 
00000000000000000 
00000000000000000 
00000000000000000 
00000000000000000 
00000000000000000 
00000000000000000 
00000000000000000 
00000000000000000 


11111111100000000 
11111111100000000 
11111111100000000 
11111111100000000 
11111111100000000 
11111111100000000 
11111111100000000 
11111111100000000 
11111111100000000 
11111111100000000 
11111111100000000 


00000000000000000 
00000000000000000 
00000000000000000 
00000000000000000 
00000000000000000 
00000000000000000 
00000000000000000 
00000000000000000 


XXXXXXXXX 
OXXXXXXXX 
OXXXXXXXO 
OXXXXOXXO 
OOXXXOXXO 
000XX00xX0 
000X000X0 
0000000Xx0 
000000000 


000000000 
100000000 
100000001 
100101101 
111101111 
111111111 


111111111 
111111110 


010001000 


000000000 
000000001 
000000x01 
000000001 


000000001 
100000001 
000000001 


-OXXX11111 


000011110 
000010110 
000010010 
000000010 
000000000 


000000000 
100000000 
000000000 
001110110 
011111110 
001111110 
000101110 
000001110 
000000010 
000000000 
000000001 


000000001 
100000001 
000000001 
OXXX11111 
000011110 
000010110 
000010010 
000000010 


Figure 16.5 


Adders 


16-5 


16-6 


A similar network for a 16-bit ADDER has been coded as a 
FA16 macrofunction, as shown below in Figure 16.6. CLA1 is 
used for the lowest four bits only and CLA4 is used for the 
higher bits and faster propagation. 


16 BIT FAST ADDER 


LOGIC O1AGRAN 
AND 


NETWORK SCHEMATIC 
SAME LOGIC 


AS 
THE ABOVE 


FA1G EXAMPLE 
26.50 0519529939154 5550S6 057 S58 rS9eS10 S11 e512 eS19+S1 4» 
S$15,C16)=FAI6(CO+A0,B0,AL,B1+A2+B2+A3+B391A41B45A59B5» 


AG+B6+A7+B7A8,B8r+AT-BIVAIO,BIOsAL1 sBLLrAl2+Ble>» 
A1Z+BLIZ,Al4>Bl4,A15+B15)8 


LSI LOGIC CORP 


CATES USED = 248 09/02/83 


Figure 16.6 
Using the FA16 Macrofunction 
to Form a 16-Bit Fast ADDER 


CMOS Macrocell Manual 


It uses 248 gates and the longest delay path is 34 ns 
(nominal 5000 Series), as shown below in Figure 16.7. 


MECOCEECECCCEEECECECCCOCEEECECECE COCEECEECEC CCC 
CABABABABABABABABABABABABABABABAB SSSSSSSSSSSSSSSSC 
000112233445566778899111111111111 01234567891111111 
)))))))))))))))))))) 001122334455 ))))))))))0123456 

Y))))))))))) ))))))) 
INPUTS OUTPUTS 


0 000000000000000000000000000000000 XXXXXXXXXXXXXXXXX 

2 000000000000000000000000000000000 OXXXXXXXXXXXXXXXX 

7 000000000000000000000000000000000 OXXXXXXXXXXXKXXXO 

11 000000000000000000000000000000000 OXXXXXXXXXXXXOXXO 

lst 12 000000000000000000000000000000000 OOXXXOXXXOXXXOXXO 
PATTERN 15 000000000000000000000000000000000 000XxX00XX00xx00x0 
18 000000000000000000000000000000000 000XxX00Xx00x000X0 

22 000000000000000000000000000000000 00000000x000000x0 

23 000000000000000000000000000000000 00000000000000000 


100 010101010101010101010101010101010 00000000000000000 
2nd 107 010101010101010101010101010101010 10111011101110110 
108 010101010101010101010101010101010 11111111111111110 


200 000000000000000000000000000000000 11111111111111110 
3rd 205 000000000000000000000000000000000 00000000000000000 


300 101010101010101010101010101010101 00000000000000000 
303 101010101010101010101010101010101 10000000000000000 
306 101010101010101010101010101010101 00000000000000000 
307 101010101010101010101010101010101 00111011101110110 
308 101010101010101010101010101010101 01111111111111110 
311 101010101010101010101010101010101 00111111111111110 
316 101010101010101010101010101010101 00011111111111110 
4th 318 101010101010101010101010101010101 00001111111111110 
319 101010101010101010101010101010101 00000111111111110 
324 101010101010101010101010101010101 00000000011111110 
326 101010101010101010101010101010101 00000000011101110 
329 101010101010101010101010101010101 00000000000001110 
331 101010101010101010101010101010101 00000000000000010 
332 101010101010101010101010101010101 00000000000000000 
334 101010101010101010101010101010101 00000000000000001 


400 000000000000000000000000000000000 00000000000000001 
403 000000000000000000000000000000000 10000000000000001 
405 000000000000000000000000000000000 00000000000000001 
406 000000000000000000000000000000000 OXxXxX1111111111111 
5th 407 000000000000000000000000000000000 00001111111111110 
410 000000000000000000000000000000000 00001011101110110 
415 000000000000000000000000000000000 00001001100110010 
416 000000000000000000000000000000000 00001000100000010 
417 000000000000000000000000000000000 00001000100000000 
421 000000000000000000000000000000000 00000000000000000 


1111 00000000000000000 
111 10000000000000000 
111 10000000000000001 
111 10010001000101101 
111 12110111011101111 
111 11110111011111111 
1120 122221221122111111 

600 000000000000000000000000000000000 11111111111111111 
7th 602 000000000000000000000000000000000 01111111111111111 

604 000000000000000000000000000000000 01111111111111110 

611 000000000000000000000000000000000 01111111111110110 


Figure 16.7 
Delay Results Using the FA16 Macrofunction 
to Form a 16-Bit Fast ADDER 


1111111111 
1111111111 
1111111111 
6th §13 1111111111 
4111111111 
1111111111 
1111111111 
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Chapter 17: Macrocell Catalog 


This page explains how to read the macrocell model catalog 
and annotates the AOl macrocell model in Figure 17.1. 


1. 


10. 


The macrocell's name appears in the upper-left and 
upper-right corners. 


The macrocell's function is provided on the same line as 
the macrocell's name. 


The macrocell's logic diagram is shown. 
The electrical schematic is also shown. 


A truth table is provided. Not all macrocells will have 
truth tables. 


A table of typical propagation delays for various fanouts 
(or load capacity in buffer outputs) is provided, so that 
you can estimate the critical path delays. The delay 
values provided are based on nominal conditions. You may 
extrapolate larger fanouts and/or capacitances from these 
values. 


The number of equivalent gates required to implement the 
macrocell is given. 


Input loading is shown for every input pin to the macro- 
cell. The order of the values follows that in the 
coding syntax equation shown in item 9. The input load- 
ing factor of higher capacitance inputs is greater than 
one. You should take such extra capacitance into 
account when you calculate propagation delays. 


The coding syntax in TDL format is shown. This partic- 
ular syntax is used by the LDS System logic simulator, 
not by the workstation simulator. 


Rise and fall delays fixed in the workstation Software 
Data Book are shown. The values are worst-case commer- 
cial (70 degrees C, 4.5 V, 40% process.) The LSI LOGIC 
Design Verifier on the mainframe or workstation will 
calculate more precise delays based on fanout, operating 
conditions, and manufacturing process variations. 
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A01@ AND INTO 3NOR @ 


LOGIC DIAGRAM 4 ELECTRICAL SCHEMATIC 


3000 TPLH 
Series TPHL 


5000 TPLH 
Series TPHL | 


7000 TPLH 
Series TPHL 


INPUT LOADING: 3K (1, 1, 1, 1) 
SK (1, 1, 1, 1) 
7K (1,1, 1, 1) 


9) Z=AO1(A, B,C, D)$ 


WORKSTATION WC. DELAY LST LOGIC 09/25/84 


(RISE/FALL) DAISY o MENTOR -17.5/ 5.8 VALID = 18 


Figure 17.1 
Model for Macrocell AOl 


17-2 CMOS Macrocell Manual 


CAND INTO 3NOR e eANDS INTO 2NOR 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC eee | PEC LNTE Te Scheennle 


FUNCTION 
FUNCTION D 
ee) 


X 
H 
Xx 
X 
L 
L 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


3000 #£TPLH : . . : 3000 £TPLH 24.4 2 
Series TPHL ' ; : : . Series TPHL : 9. 

5000 TPLH : . 5000 TPLH : 2 
Series TPHL . . ; é ; Series TPHL . 

7000 + TPLH : . : : 7000 + TPLH : 2 
Series TPHL . : . . Series TPHL ; 


INPUT LOADING: 3K 
SK 


WORKSTATION WC. DELAY LSI'LOGIC CORP pee B WORKSTATION WC. DELAY LSI LOGIC CORP 


(RISE/FALL) DAISY « MENTOR = 17a 7-3..0 VALID CRISE/FALL) DAISY m MENTOR = 10.37 5.2 VALID 


09/25/84 
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20R INTO 3NAND 


® 


LOGIC DIAGRAM 


A 

é 03 

B 

c zZ 
D . 


FUNCTION 


3000 #£TPLH 
Series TPHL 


5000 TPLH 
Series TPHL 


7000 TPLH 
Series TPHL 


ELECTRICAL SCHEMATIC 


Z=AO3(A, B, C, D)$ 


WORKSTATION WC. DELAY 
CRISE/FALL) DAISY m MENTOR = 10.37 6.6 


LSI LOGIC CORP 


VALID 


@ 2ORS INTO 2NAND 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


R04 


FUNCTION 
a) 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


3000 #£=TPLH 
Series TPHL 


GATES 
2 5000 TPLH 
Series TPHL 


7000 #£TPLH 
Series TPHL 


WORKSTATION WC. DELAY LSI LOGIC CORP 
(RISE/FALL) DAISY @ MENTOR = 10.3/ 5.@ VALID 


09/25/84 99/25/84 
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INVERTING 2 OF 3 MAJORITY 


LOGIC DIAGRAM 


AQS 


FUNCTION 
B 


3000 #£TPLH 
Series TPHL 


5000 TPLH 
Series TPHL 


7000 # TPLH 
Series TPHL 


CAND INTO 2NOR 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


A B C 
P AOG ‘ 
B 
C Zz 
Zz 


ELECTRICAL SCHEMATIC 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


5000 TPLH 
Series TPHL 


7000 TPLH 
Series TPHL 


Z = AO6(A, B, C)$ 


Z = AOS(A, B, C)$ 


WORKSTATION WC. DELAY acai WORKSTATION WC. DELAY LSI LOGIC CORP 


89/25/84 09/25/84 


(RISE/FALL) DAISY oa MENTOR = 10.87 6.6 


VALID CRISE/FALL) DAISY a MENTOR = 9.6/7 4.8 VALID 
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20R INTO 2NAND | | TRISTATE OUTPUT BUFFER 
PERFORMANCE IS EQUIVALENT TO B1 OUTPUT BUFFER 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 
7 
q AO 
B 
Zz 
C 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


ia if WORST CASE COMM. 
Poe FO = 1|FO = 2] FO = 3] FO = 4] FO = 8| GATES 5V +5% @ 0°C-70°C 
OUTPUT DRIVE 

2 


5000 TPLH : . ; 
Series TPHL ; , . : 3000 TPLH IOH = -1.6ma@2.4v 


7000 TPLH ; ; Series TPHL IOL = 1.6ma@0.4v 
Series TPHL : . : : ; 5000 TPLH IOH = -4.0ma@2.4v 
Series TPHL IOL = 4.0ma@0.4v 
7000 TPLH]{ 4.1 6.8 7.4 |1OH =-4.0mae@2.4v 
Series TPHL}| 5.2 10.9 12.1 IOL = 4.0ma@0.4v 

INPUT LOADING: 3K (5, 4) ONE I/O CELL 


5K (5,4) 
Z = AO7(A, B, C)$ | 7K (5, 4) 


THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 
Z = BTS1(A, EN)$ 


WORKSTATION WC. DELAY LST LOGIC CORP neyeeiea WORKSTATION WC. DELAY ee 99/25/64 


(RISE/FALL) DAISY o MENTOR =10.4/ 3.9 VALID = 7 (RISE/FALL) DAISY o MENTOR = ©€4 /@€1.e€ VALID = €3 
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BTS14 TRISTATE OUTPUT BUFFER BTS14 


(SK.7K ONLY) (5k.7K ONLY) 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


WORST CASE COMM. 

5V +5% @0°C-70°C 
5000 TPLH 8.4ns] 16.5 24.7 28.1 1OH =-1.0mae@2.4v 5 
Series TPHL | 10.9 25.7 40.5 46.8 |IOL = 1.0ma@0.4v 
7000 TPLH 5.5 10.4 15.3 17.4 IOH =-1.0ma@2.4v 5 
Series TPHL| 9.0 21.1 33.2 38.4 |IOL = 1.0ma@0.4v 


ONE I/O CELL 


INPUT LOADING: 5K (2, 2) 
7K (2, 2) 


THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 
Z = BTS14(A, EN)$ 


WORKSTATION WC. DELAY LST LOGIC CORP 09/25/84 


(RISE/FALL) DAISY. MENTOR = 84.9 745.3 VALID = 64 
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BTS18 TRISTATE OUTPUT BUFFER BTS18 


(SK,7K ONLY) (SK. 7K ONLY) 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


BTS7LA 


WORST CASE COMM. 
5V +5% @0°C-70°C 
C = 15PF]C =S50PF/C =85PF/C = 100PF] OUTPUT DRIVE 
5000 TPLH 7.0ns 16.2 18.2 IOH = -2.0ma@2.4v 
Series TPHL| 8.0 22.8 25.9 |IOL = 2.0ma@0.4v 
7000 TPLH] 4.6 6.9 9. IOH = -2.0mae@2.4v 
Series TPHL| 6.4 12.2 17.9 1OL = 2.0ma@0.4v 


INPUT LOADING: 5K (2, 2) ONE I/O CELL 


7K (2, 2) 
THE DELAYS FOR OUTPUT ARE MEASURED AT TTLLEVEL. 
Z = BTS18(A, EN)$ 


WORKSTATION WC. DELAY pos LOGIC CON 99/25/84 


(RISE/FALL) DAISY om MENTOR = 30.6/¢c@.2 VALID = 37 


17-7 


TRISTATE OUTPUT BUFFER 


PERFORMANCE IS EQUIVALENT TO Be OUTPUT BUFFER 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


WORST CASE COMM. 
5V 5% @0°C-70°C 
OUTPUT DRIVE 


3000 TPLH 9.7ns : IOH = -3.2ma@2.4v 
‘Series TPHL | 1 . {OL = 3.2ma@0.4v 
1OH = -8.0ma@2.4v 


IOL = 8.0ma@0.4v 


IOH = -8.0ma@2.4v 
IOL = 8.0ma@0.4v 


INPUT LOADING: 3K (2, 2.5) VO CELL 
5K (2, 2.5) 
7K (2, 2.5) 
THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 


Z = BTS2(A, EN)$ 


TRISTATE OUTPUT BUFFER 


PERFORMANCE IS EQUIVALENT TO B3 OUTPUT BUFFER 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


rrr retreat tne, 


WORST CASE COMM. 
SV 5% @0°C-70°C 
OUTPUT DRIVE 


IOH =-4.8ma@2.4v 
iOL = 4.8mae0.4v 


5000 TPLH 1OH =-12.0ma@2.4v 
Series TPHL IOL = 12.0mae@0.4v 
7000 TPLH 49 IOH =-12.0ma@2.4v 
Series TPHL} 5.0 1OL = 12.0ma@0.4v 
INPUT LOADING: 3K (2, 2.5) THREE !1/O CELL 
5K (2, 2.5) 
7K (2, 2.5) 
THE DELAYS FOR OUTPUT ARE MEASURED AT TTLLEVEL. 
Z = BTS3(A, EN)$ 


WORKSTATION WC. DELAY LST LOGIC CORP 99/25/84 WORKSTATION WC. DELAY LSI LOGIC CORP 09/25/84 


CRISE/FALL) DAISY o MENTOR =17.7/17.6 VALID = 18 (RISE/FALL) DAISY a MENTOR = 16 /15.8 VALID = 16 
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TRISTATE INTERNAL INVERTING TRISTATE INTERNAL 
BUS DRIVER BUS DRIVER 


abba soul copa ale elie kd LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


3000 = TPLH : : : ; ; 5000 TPLH 3 
Series TPHL : . ; . 3 Series TPHL 


5000 TPLH 7000 TPLH 


Series TPHL ; : . : . Series TPHL 


7000 TPLH : : ; : 
; TPH INPUT LOADING: 5K_ (1, 2) 
Series L 7K (1,2) 


INPUT LOADING: 3K (2, 2) 
5K (2,2) 
7K (2, 2) 
Y(Z) = BTSS(A, E)$- 


Y(Z) = BTS4(A, E)$ 


LSI LOGIC CORP aah LSI LOGIC CORP 
WORKSTATION WC. DELAY pijon ea WORKSTATION ‘WO. DELAY 99/25/84 


CRISE/T ALi DATS a MENTORS Sof Aa VALID (RISE/FALL) DAISY » MENTOR =9.4 /6.4 VALID 
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BTS6 BTS6 
(SK ONLY) (SK ONLY) ae | 
TRISTATE OUTPUT BUFFER TRISTATE IN/OUTPUT BUFFER 


OPTIMIZED FOR EXTERNAL CMOS ENVIRONMENT PERFORMANCE 1S EQUIVALENT TO Bl bes BUFFER 


DEL DURGA ig. ELECTRICAL SCHEMATIC LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


BTS6 


EN 
ee 
A 


WORST CASE COMM. WORST CASE COMM. 
5V +5% @0°C-70°C 


5V 45% @0°C-70°C 
OUTPUT DRIVE OUTPUT DRIVE 


IOH =-1.6ma@2.4v 
IOL = 1.6ma@0.4v 


5000 TPLH| 5.7 IOH =-4.0mae2.4 
INPUT LOADING: 5K (5, 4) TWO W/O CELL Series TPHL| 5.4 (OL = 4.0ma@0.4v 
| 7000 TPLH| 4.2 6.9 7.5 |10oH=-4.0maer4v| 7 
Series TPHL| 5.1 10.8 | 12.0 JIOL = 4.0mae0.4v 
THE DELAYS FOR OUTPUT ARE MEASURED AT TTLLEVEL. 
INPUT LOADING: 3K (5, 4) ONE 1/O CELL 


Z = BTSO(A, EN)$ SK (5, 4) 
7K (5, 4) 


THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 
Z = BTS7(A, EN)$ 


WORKSTATION WC. DELAY Fi aaa cial da seenieg WORKSTATION WC. DELAY ae 09/25/84 


(RISE/FALL) DAISY o MENTOR = 11.5/ 19.0 VALID = 15 (RISE/FALL) DAISY o MENTOR = 23.77 2@.9 VALID = Cc 
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BTS7D 


(SK ONLY) 


BTS7D 


(SK ONLY) 


BTS7L 


(SK,7K ONLY? 


BTS7L 


TRISTATE IN/OQUTPUT BUFFER 


PERFORMANCE 1S EQUIVALENT TO B1 OUTPUT BUFFER 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


BTS7D 


EN 
Zz 
po 


WORST CASE COMM. 
5V £5% @ 0°C-70°C 
C= 15PFiC =50PF]C =85PFjC=100PF]} OUTPUT DRIVE 


TRISTATE IN/OUTPUT BUFFER 


PERFORMANCE 1S EQUIVALENT TO Bl QUTPUT BUFFER 
PREAMP IS SLOWER 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


BTS7LA 


(SK,7K ONLY) 


WORST CASE COMM. 
5V +5% @0°C-70°C 
C= 15PFIC =50PFiC=85PFIC=100PF] OUTPUT DRIVE 
14.6 IOH = -4.0ma@2.4v 
15.3 IOL = 4.0ma@0.4v 
ONE 1/O CELL 8.0 | 10H =-4.0ma@2.4v 
13.1 IOL = 4.0ma@0.4v 


5000 TPLH} 5.7ns] 8.9 12.2 13.6 |IOH=-4.0mae@2.4v 7 
Series TPHL| 5.4 8.8 12.1 13.6 |IOL = 4.0mae@0.4v 


INPUT LOADING: 5K (5, 4) 


INPUT LOADING: 5K (2, 2) 
7K (2, 2) 


ONE !/O CELL 
THE DELAYS FOR OUTPUT ARE MEASURED AT TTLLEVEL. 


Z = BTS7D(A, EN)$ 
THE DELAYS FOR OUTPUT ARE MEASURED AT TTLLEVEL. 


Z = BTS7L(A, EN)$ 


WORKSTATION WC. DELAY LSI LOGIC CORP 
CRISE/FALL) DAISY a MENTOR = 15.37 16.5 VALID 


WORKSTATION WC. DELAY LSI LOGIC COAP 
(RISE/FALL) DAISY o MENTOR =27.@/021.6 VALID = c&4 


99/25/84 99/25/84 
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BTS7LO BTS7LO 


(5K.7K ONLY) (SK, 7K ONLY) 


TRISTATE IN/OUTPUT BUFFER 
WITH OPEN DRAIN 


PERFORMANCE 1S EQUIVALENT TO B18 OUTPUT BUFFER 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


BTS7LO 


WORST CASE COMM. , 
5V +5% @0°C-70°C 
C= 15PF}C =50PF/C =85PFIiC=100PF} OUTPUT DRIVE 


5000 TPLH 
Series TPHL 
7000 TPLH 
Series TPHL 


INPUT LOADING: 5K 
7K 


THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 
Z = BTS7LO(A, EN)$ 


LSI LOGIC CORP 


WORKSTATION WC. DELAY 99/25/84 


(RISE/FALL) BAISY © MENTOR = / 24.2 VALID = e4 


BTS70D BTS70D 


TRISTATE IN/OUTPUT BUFFER 
WITH OPEN DRAIN 


PERFORMANCE IS EQUIVALENT TO B18 OUTPUT BUFFER 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


BTS70D 


Zz 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


WORST CASE COMM. 
5V +5% @0°C-70°C 
C= 15PF{C =50PF]C=85PFiC=100PF] OUTPUT DRIVE GATES 
3000 TPLH] --.- --.- --,- -- | 
Series TPHL]| 8.3 17.4 26.4 30.3. | IOL = 1.6ma@0.4v 
5000 TPLH --.- ane . 
Series TPHL 11.8 13.3. J IOL = 4.0mae@0.4v 
7000 TPLH ~+,- ees | 
7.5 10.3 IOL = 4.0ma@0.4v 


Series TPHL 
INPUT LOADING: 3K (2) ONE 1/O CELL 


5K (2) 
7K (2) 


THE DELAYS FOR OUTPUT ARE MEASURED AT TTLLEVEL. 
Z = BTS7OD(EN)$ 


WORKSTATION WC. DELAY piel occa 09/25/84 


(RISE/FALL) DAISY m MENTOR = C46 VAC « 25 
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BTS78 BTS78 


(SK»7K ONLY) (SK. 7K ONLY) 


TRISTATE IN/OUTPUT 
BUFFER WITH PULL UP TRISTATE IN/OUTPUT BUFFER 


PERFORMANCE 1S SIMILAR TO B1 OUTPUT BUFFER PERFORMANCE IS EQUIVALENT TO B18 OUTPUT BUFFER 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 
LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


BTS78 
EN 
Zz ‘ Zz 
A 
N 


| 
( 
1 
! 
' 
1 
i] 
4 
t 
d 
i} 
1 
' 
Ly 
i} 
' 
Ly 
' 
Ly 
' 
t 
i 
t 
i 


BTS7LA BTS78B 


-~ WORST CASE COMM. 
5V +5% @0°C-70°C WORST CASE COMM. 
C=i100PF] OUTPUT DRIVE 5V +5% @0°C-70°C 
OUTPUT DRIVE 

3000 TPLH 20.8 | IOH=-1.6ma@2.4v 
Series TPHL 35.8 |IOL = 1.6mae0.4v 5000 TPLH IOH = -2.0ma@2.4v 
5000 TPLH 136 |loH=-4.0mae2 4v Series TPHL}| 7.9 . IOL = 2.0ma@0.4v 
Series TPHL 13.6 |IOL = 4.0mae@0.4v 7000 TPLH] 4.7 10.4 |1OH =-2.0mae@2.4v 
Series TPHL| 6.3 1 20.2 lIOL =2.0ma@0.4v 

IOH = -4.0ma@2.4v 


7.5 
U2:0 JOE =a Omaey av INPUT LOADING: 5K ONE W/O CELL 
7K 


INPUT LOADING: 3K (5, 4) ONE I/O CELL 
5K (5, 4) 
7K (5,4) THE DELAYS FOR OUTPUT ARE MEASURED AT TTLLEVEL. 


THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. Z = BTS78(A, EN)$ 


Z = BTS7U(A, EN)$ 


WORKSTATION WC. DELAY Pei papers WORKSTATION WC. DELAY See 09/25/84 


(RISE/FALL? DAISY @ MENTOR = €3.7.7°€0.9 VALID = €&c (RISE/FALL) DAISY o MENTOR = 45.e/e8.e VALID = 37 
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BTS8U BTS8U 


(SK ONLY) (SK ONLY) 


TRISTATE IN/OUTPUT BUFFER TRISTATE IN/OUTPUT 
PERFORMANCE 1S EQUIVALENT TO Be OUTPUT BUFFER BUFFER WITH PULL UP 


PERFORMANCE IS SIMILAR TO Be OUTPUT BUFFER 
LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


BTS8U 


EN EN 
Zz 
A . 
A 1 


WORST CASE COMM. WORST CASE COMM. 
5V +5% @0°C-70°C 5V +5% @0°C-70°C 
OUTPUT DRIVE C= 15PF]C =50PF{/C=85PF/C=100PF] OUTPUT DRIVE 


3000 TPLH 5000 TPLH 7.5ns} 9.1 10.7 11.4 IOH = -8.0ma@4.5v 
Series TPHL : : Series TPHL}| 5.9 7.6 9.3 10.1 IOL = 8.0ma@0.4v 


: 1 10H =-8.0 2.4 
ae Tea a x aaa rae INPUT LOADING: 5K (2, 2.5) TWO I/O CELL 


IOH = -8.0mae@2.4v 
lIOL = 8.0ma@0.4v 
THE DELAYS FOR OUTPUT ARE MEASURED AT TTLLEVEL. 
INPUT LOADING: 3K (2, 2.5) TWO I/O CELLS 


5K (2, 2.5) Z = BTS8U(A, EN)$ 
7K (2, 2.5) 
THE DELAYS FOR OUTPUT ARE MEASURED AT TTLLEVEL. 


Z = BTS8(A, EN)$ 
WORKSTATION WC. DELAY LSI LOGIC CORP 99/25/84 WORKSTATION WC. DELAY LSI LOGIC CORP 


29/25/84 
(RISE/FALL) DAISY o MENTOR = 17.€/7 17.4 VALID = 18 (RISE/FALL) DAISY a MENTOR = 14.4/ 13.6 VALID 


TRISTATE IN/OUTPUT BUFFER 


PERFORMANCE 1S EQUIVALENT TO BS OUTPUT BUFFER 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


WORST CASE COMM. 
5V 5% @0°C-70°C 
OUTPUT DRIVE 


IOH = -4.8ma@2.4v 
IOL = 4.8ma@0.4v 


IOH =-12.0ma@2.4v 
1OL = 12.0mae@0.4v 


INPUT LOADING: 3K (2, 2.5) THREE I/O CELLS 
5K (2, 2.5) 


7K (2, 2.5) 
THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 
Z = BTS9(A, EN)$ 


WORKSTATION WC. DELAY LSI LOGIC CORP 


(RISE/FALL) DAISY m MENTOR =15.5/15.5 VALID 


BTS9D 


€SK ONLY) 


| one C = 50PF | C = 85PF IC = 100PF 
3 8.4 
8 9.1 


S000 TPLH] 6.2 7. 
Series TPHL]}] 6.5 7. 


INPUT LOADING: 5K (2, 2.5) 


WORKSTATION WC. 
CRISEZPALL BALOY. a MENTOR-= Ta. 67° 196 


09/25/84 
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BTS9D 


(SK ONLY) 


TRISTATE IN/OUTPUT BUFFER 
WITH PULL DOWN 


PERFORMANCE IS EQUIVALENT TO B3 OUTPUT BUFFER 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


BTSOD 
EN 
Z 
A 


WORST CASE COMM. 
SV 5% @0°C-70°C 
OUTPUT DRIVE 


IOH =-12.0ma@2.4v 
IOL = 12.0ma@0.4v 


8.8 
9.6 


THREE I/O CELLS 


THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 
Z = BTS9D(A, EN)$ 


LSI LOGIC CORP 
VALID = 14 


DELAY 


17-15 


9/25/84 


TRISTATE IN/OUTPUT 
BUFFER WITH PULL UP 


PERFORMANCE IS SIMILAR TO B3 OUTPUT BUFFER 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


WORST CASE COMM. 
5V 5% @ 0°C-70°C 
C= 15PF}C =S50PF]C=85PF IC = 100PF] OUTPUT DRIVE 


3000 TPLH IOH = -4.8ma@2.4v 
Series TPHL IOL = 4.8ma@0.4v 


1OH =-12.0ma@2.4v 
IOL = 12.0ma@0.4v 


INPUT LOADING: 3K (2,2. 
5K (2,2. 


THE DELAYS FOR OUTPUT ARE MEASURED AT TTLLEVEL. 
Z = BTS9U(A, EN)$ 


WORKSTATION WC. DELAY LSI LOGIC CORP 
(RISE/FALL) DAISY o MENTOR = 13.67 13.€ VALID = 14 


OUTPUT BUFFER 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


Bl 


Po 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


WORST CASE COMM. 
5V+5% @0°C-70°C 
13000 TPLH| 6.3ns| 11.1. | 15.9 18.0 |1OH=-1.6mae24v| 1 
Series TPHL]| 9.6 | 17.4 | 25.3 28.7 |10L = 1.6mae@0.4v 
5000 TPLH] 4.1 7.3 | 10.6 12.0 |10H=-4.0mae2.4v| 2 
Series TPHL| 4.5 79 11.3 12.7 IOL = 4.0ma@0.4v 
7000 TPLH] 3.0 a4 5.7 6.3 |1O0H=-4.0mae2.4v| 2 
Series TPHL} 4.3 7.1. | 10.0 11.2 }IOL = 4.0mae0.4v 
INPUT LOADING: 3K (3) ONE 1/O CELL 
5K (3) 
7K (3) 
THE DELAYS FOR OUTPUT ARE MEASURED AT TTLLEVEL. 
Z=B1(A)$ 


99/25/84 f WORKSTATION WC. DELAY LS] LOGIC CORP 
(RISE/FALL) DAISY a MENTOR =20.7/17.7 VALID = 19 


09/25/84 
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Inverting Power Buffer 


INTERNAL BUFFER 


PERFORMANCE 1S EQUIVALENT TO BY OUTPUT BUFFER 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


T 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


3000 £TPLH 
Series TPHL 


5000 TPLH 
Series TPHL 


7000 TPLH 
Series TPHL 


*3000 TPLH 
Series TPHL 


5000 £TPLH 
Series TPHL 


7000 + TPLH 
Series TPHL 
INPUT LOADING: 3K (3) ONE I/O CELL 
5K (3) 
7K (3) 


INPUT LOADING: 3K (3) ONE I/O CELL 
SK (3) 
7K (3) 


Z=B1A(A)$ * THE DELAYS FOR HIGH FANOUT CAN BE REDUCED IF SPECIFIED AS 


CRITICAL NET. 
Z =BI1I(A)$ 
FIXED DELAYS [ workstation sortware patasook | 


WORST CASE COMMERCIAL DELAYS VALID MENTOR 


BASED UPON FO= 8 WITH 3.0 3.0 
STATISTICAL WIRE LENGHTS 42 42 


LSI LOGIC CORPORATION © COPYRIGHT 1981,1982,1983,1984 MAY, 1984 


WORKSTATION WC. DELAY LSI LOGIC CORP 99/25/84 


CRISE/FALL? DAISY -a MENTOR =S24 7 3.5 “VALID ="S 
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OUTPUT BUFFER 
WITH OPEN DRAIN 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


B10D 


WORST CASE COMM. 
5V +5% @0°C-70°C 
3000 TPLH} --.- --.- --.- “wo 
Series TPHL} 7.5 12.7 17.9 20.2 | 1OL = 1.6mae@0.4v 1 
5000 TPLH] --.- --,- nae 
Series TPHL| 4.7 11.5 12.9 TIOL = 4.0mae@0.4v 1 


7000 TPLH --.~ 
Series TPHL] 3.7 


3a | iis n= sonssom | 1 


ONE I/O CELL 


THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 
Z=B1OD(A)$ 


WORKSTATION WC. DELAY poe ROGIY Cure: 99/25/84 


(RISE/FALL) DAISY 9 MENTOR = / Cees NALD “ee 


OUTPUT BUFFER 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


WORST CASE COMM. 

5V +5% @0°C-70°C 

C=15PF]C =50PFiC=85PFiC=100PFi OUTPUT DRIVE 
5000 TPLH 14.0 22.2 25.6 |IOH=-1.0mae@2.4v 
Series TPHL 23.8 38.6 44.9 |IOL = 1.0ma@0.4v 
7000 TPLH] 4.7 9.6 14.5 16.6 |!OH=-1.0ma@2.4v 
Series TPHL]| 8.3 20.4 32.5 37.7. |IOL = 1.0ma@0.4v 


INPUT LOADING: 5K OWE I/O CELL 
7K : 


THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 
Z =B14(A)$ 


LSI LOGIC CORP 


WORKSTATION WC. DELAY pejaciea 


(RISE/FALL) DAISY o MENTOR =8@.77935.3 VALID = 38 
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OUTPUT BUFFER 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


WORST CASE COMM. 
5V +5% @ 0°C-70°C 
OUTPUT DRIVE 


bo C = 50PF | C = 85PF IC = 100PF 


3000 TPLH{ 5.6ns] 10.4 15.3 17.3 | 1|OH =-0.8ma@2.4v 
Series TPHL | 12.1 27. 43.6 50.3 {IOL = 0.8ma@0.4v 
5000 TPLH{| 4.8 9. 14.0 16.0 |1OH=-2.0ma@2.4v 
Series TPHL]| 6.4 13. 21.2 24.3 |IOL = 2.0ma@0.4v 
7000 TPLH] 3.8 IOH = -2.0mae@2.4v 
Series TPHL} 5.5 1 


IOL = 2.0ma@0.4v 
INPUT LOADING: 3K (1.5) 
SK (1.5) 
7K (1.5) 
THE DELAYS FOR OUTPUT ARE MEASURED AT TTLLEVEL. 
Z=B18(A)$ 
LSI LOGIC CORP 


VALID = 3 


ONE I/O CELL 


WORKSTATION WC. DELAY 


(RISE/FALL) DAISY a MENTOR = 42.1 / €@.3 


OUTPUT BUFFER 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


7000 TPLH 
Series TPHL 


INPUT LOADING: 3K (6) 


09/25/84 


Chapter 17: Macrocells 


WORKSTATION WC. 
(RISE/FALL) DAISY a MENTOR = 12.5 / 9.6 


WORST CASE COMM. 
5V +5% @0°C-70°C 
OUTPUT DRIVE 


IOH = -3.2ma@2.4v 
IOL = 3.2ma@0.4v 


IOH = -8.0ma@2.4v 
{OL = 8.0ma@0.4v 


I/O CELLS 
SK (6) 
7K (6) 
THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 
Z = B2(A)$ 
LSI LOGIC CORP 


VALID 


DELAY 


17-19 | 


99/25/84 


inverting Power Buffer 


INVERTER INTO 3 PARALLEL 
INVERTERS 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


B21 : 
A 21 2! 
72 
A 22 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


3000 TPLH 
Series TPHL *3000 TPLH 


5000 #£TPLH 7. Series TPHL 
Series TPHL . : 5. 5000 TPLH 
3 


7000 TPLH Series TPHL 


Series TPHL : : : ; 7000 TPLH 
Series TPHL 


INPUT LOADING: 3K (3) 
5K (3) 
7K (3) 


Z=B2A(A)$ * THE DELAYS FOR HIGH FANOUT CAN BE REDUCED IF SPECIFIED AS 


re anee : CRITICAL NET. 

WORST CASE COMMERCIAL DELAYS | | vauo | Daisy Nuabdba X(Z1, Z2) = B2I(A)$ 
BASED UPON FO= 8 WITH TPHL 241 21 

STATISTICAL WIRE LENGHTS ave 3 ia a“ 


LS] LOGIC CORPORATION ® COPYRIGHT 1981,1982,1983,1984 MAY, 1984 WORKSTATION WC. DELAY LST LOGIC CORP 
: (RISE/FALL) DAISY a MENTOR = 5.4 / 4.4 VALID 


09/25/84 
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OUTPUT BUFFER : | OUTPUT BUFFER 
WITH OPEN DRAIN 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


BeOD 


WORST CASE COMM. WORST CASE COMM. 
5V +5% @0°C-70°C 5V 5% @0°C-70°C 
C= 15PF]C =SOPF]C =85PF|C=100PF] OUTPUT DRIVE OUTPUT DRIVE 
3000 TPLH = - | IOH =-4.8mae2.4v 
Series TPHL 10.2 11.9 12.7 - IOL = 4.8mae@0.4v 
5000 TPLH --.- --.- 8.0 IOH =-12.0ma@2.4v 
Series TPHL 6. 8 9.6 |IOL = 12.0ma@0.4v 
7000 TPLH --.- - ; 7.3 IOH =-12.0ma@2.4v 2 
Series TPHL| 2.9 IOL = 8.0ma@0.4v 2 : ; 9.4 TIOL = 12.0mae0.4v 
INPUT LOADING: 3K (3.5) TWO I/O CELLS ‘ FOUR I/O CELLS 
5 


SK (3.5) 
7K (3.5) 


3 
2 


6.1 


THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 
Z = B2OD(A)$ : Z = B3(A)$ 
WORKSTATION WC. DELAY LST LOGIC CORP 99/25/84 g WORKSTATION WC. DELAY LSI LOGIC CORP 
(RISE/FALL) DAISY © MENTOR = /8.@ VALID } (RISE/FALL) DAISY o MENTOR = le.@/ 1€.9 VALID = 13 


99/25/84 
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@ PARALLEL INVERTERS INTO OUTPUT BUFFER 
@ PARALLEL INVERTERS 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


B31 | 
q 21 21 
ze 
A 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


Z2 
71 eGADED |FO = 2|FO = 4|FO = 8 IFO = 16|Fo = Saran cana 
5V+5% @ DRIVE: 
= = = = TDR 
*3000 TPLH 5.8ns C= 15PF{C=50PF/C=85PFiC=100PF} OUTPUT D 

Series TPHL 5.8 : : | 3000 TPLH| -.. ma aa He 

5000 TPLH Series THHL| 92 | 11.0 | 12.7 | 13.4 |10L = 1.6mae0.4v 

Series TPHL . : ; 5000 IPLH| —- aes 

7000 TPLH Series TPHL| 3.4 | 4.7 |OL = 12.0ma@0.4v 

mes : sores trre| 23 Lai | 35 | 61 fore vomow 

i : ; ¥ lOL= 12.0 0.4 
INPUT LOADING: 3K (2) Series TPHL| 2.8 4.1 5 ma@0.4v 
SK (2) INPUT LOADING: 3K (4.5) FOUR I/O CELLS 


7K (2) SK (4.5) 


* THE DELAYS FOR HIGH FANOUT CAN BE REDUCED IF SPECIFIED AS 7K (4.5) 
CRITICAL NET. THE DELAYS FOR OUTPUT ARE MEASURED AT TTLLEVEL. 


X(Z1, Z2) = B3I(A)$ Z = B30D(A)$ 


Sees patric eee LSI LOGIC CORP ome Sapa eae ee LSI LOGIC CORP ee 
(RISE/FALL) DAISY a MENTOR = 3.7 / 4.9 VALID = 5 RISE/FALL) DAISY a MENTOR = PAGS > NALD 


Chapter 17: Macrocells 17-22 


4 PARALLEL INVERTERS 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


3000 TPLH 
Series TPHL 


5000 #£TPLH 
Series TPHL 


7000 TPLH 
Series TPHL 


INPUT LOADING: 3K (4) 
SK (4) 
7K (4) 


THE DELAYS FOR HIGH FANOUT CAN BE REDUCED IF SPECIFIED AS 
CRITICAL NET. 
Z = BAI(A)$ 
WORKSTATION WC. DELAY LSI LOGIC CORP 
(RISE/FALL) DAISY om MENTOR = €.8 / 1.¢ VALID 


09/25/84 


3 PARALLEL INVERTERS 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


3000 TPLH 
Series TPHL 


5000 #£TPLH 
Series TPHL 


7000 + TPLH 
Series TPHL 


INPUT LOADING: 3K (3) 
5K (3) 
7K = (3) 


THE DELAYS FOR HIGH FANOUT CAN BE REDUCED IF SPECIFIED AS 
CRITICAL NET. 


Z = B5I(A)$ 


WORKSTATION WC. DELAY ee 99/25/84 


(RISE/FALL) DAISY o MENTOR = 3.8 / 1.7 VALID = 
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D38HR 


NON-OVERLAPPING 3 TO 8 DECODER, 
BUFFERED OUTPUTS, ACTIVE HIGH 


EXCLUSIVE &NOR 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 
LOGIC DIAGRAM TRUTH TABLE 


he = ee eS 
=e Qe Of 
wear Se S - @ 
Ssaugagx je 
Qe gaa eee i- 
eSea gaan’ &S& [Tu 
Se gore as [a 
SaaeeaQgqaayg la 
Be Seea gad» ju 
BNeBea gag io 
HBO eae in 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


ey 


3000 TPLH ~ 
Series TPHL 


5000 TPLH 
Series TPHL 


7000 #£TPLH 
Series TPHL 


QO 
NW 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


5000 TPLH 13.4ns} 13.6 13.8 14.0 14.8 47 
Series TPHL 10.1 10.1 10.2 10.3 10.6 


INPUT LOADING: 5K (2, 2, 2) 


INPUTLOADING: 3K (4, 2) 
5K (5.3, 2) 
7K (5.9, 2) 


THE DELAYS FOR HIGH FANOUT CAN BE REDUCED IF SPECIFIED AS 
CRITICAL NET. 


Z(Z0, Z1, Z2, Z3, 24, Z5, Z6, Z7) = D38HR(A, B, C)$ 7 =EN(A, B)$ 


WORKSTATION WC. DELAY LSI LOGIC CORP 09/25/84 


CRISE/FALL) DRISY a MENTOR = 5.6 7 3.8 VALID= 5 


LSI LOGIC CORP 
GATES USED - 19 @9/97/83 
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EN3 3 Input Exclusive Nor EN3 


(7k only) (7k only) 


EXCLUSIVE @0R 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


FUNCTION 


B Cc 


0 
0 
0 
0 
1 
1 
1 
1 


-~0o-0 7-0" © 
o-- or OO 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


= 16{/FO = 32/FO = 64] GATES 


7000 TPLH 


3000 #£TPLH 
Series TPHL 


Series TPHL 


5000 #£4TPLH 
Series TPHL 


7000 + TPLH 
Series TPHL 


INPUT LOADING: 7K (8.3, 3, 2) 


Z =EN3(A, B, C)$ 


FIXED DELAYS [ workstation sortware patasook | 
DAISY MENTOR 
WORST CASE COMMERCIAL DELAYS 
BASED UPON FO= 2 WITH 70 ae 
STATISTICAL WIRE LENGHTS 50 50 


LSI LOGIC CORPORATION © COPYRIGHT  1981,1982,1983,1984 JULY, 1984 


Z = EO(A, B)$ 


WORKSTATION WC. DELAY LSI LOGIC CORP 
(RISE/FALL) DAISY a MENTOR = 5.9 / 4.4 VALID 2-3 


09/25/84 
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®0R-2NAND INTO ENAND 2AND.2NOR INTO 2NOR 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


DC BA 
£01 
= | 
Zz 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


3000 #£TPLH 3000 TPLH 
Series TPHL Series TPHL 


5000 TPLH 5000 TPLH 
Series TPHL . : : : Series TPHL 


7000 + # TPLH : : . 7000 + TPLH 
Series TPHL : : : Series TPHL 


Z=EON1(A, B, C, D)$ Z=EO1(A,B, C, D)$ 


TaRS RRR OK Wet. Hetay LSI LOGIC CORP eo WORKSTATION WC. DELRY LSI LOGIC CORP ee 


(RISE/FALL) DAISY o MENTOR = 1c.c/ 8.8 VALID = 10 (RISE/FALL) DAISY a MENTOR = 11.87 9.4 VARI Dati 
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EO3 3 Input Exclusive Or EO3 D FLIP FLOP WITH SEPERATE 
(7k only) (7k only ) MASTER Q SLAVE CLOCKS. 
CLEAR DIRECT on SET DIRECT. 


LOGIC DIAGRAM 


SDM SDS 


CPS 
FUNCTION CDM CDS 
B Cc 


ELECTRICAL SCHEMATIC 


=... .=.0O00d0 


0 0 
1 1 
0 1 
1 0 
0 1 
1 0 
0 0 
1 1 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


CPM CDM SDM CPS SDS CDS 


7000 TPLH SALT E NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 
Series TPHL 5.6 


INPUT LOADING: 7K (8.3, 3, 2) 


5000 TPLH 
Series TPHL 


7000 TPLH 


Series TPHL 
Z = EO3(A, B, C)$ 


FIXED DELAYS [ workstation sortware 0atasook | 


WORST CASE conmerciat veLavs |__| VALID | DAlsy | MENTOR| 
BASED UPON FO= 2 WITH 
STATISTICAL WIRE LENGHTS Fen ie ee see. sae Z(Q,QN) = FDA(D, CPM, CPS, CDM, CDS, SDM, SDS)$ 


LS! LOGIC CORPORATION © COPYRIGHT 1981,1982,1983,1984 JULY, 1984 WORKSTATION WC. DELAY LSI LOGIC CORP | 
CRISE/FALL) DAISY a MENTOR SY G7 Sore VALID O10 


09/25/84 
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DFF 


LOGIC DIAGRAM 


ELECTRICAL SCHEMATIC 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


TPLH 10.2 11. 12. : 

TPHL qt: 7.4 7 8. 10.4 
TPLH 
TPHL 


TPLH 
TPHL 


3000 
Series 


5000 
Series 


7000 
Series 


INPUT LOADING: 3K 
5K 8, 
7K 


2(Q,QN) = FD1(D, CP)$ 
WORKSTATION WC. DELAY saanaauiadied 
(RISE/FALL) DAISY 9 MENTOR =12.7/13.2 VALID = 13 


9/25/84 


Chapter 17: Macrocells 


DFF WITH SCAN TEST INPUTS 


LOGIC BIAGRAM 


D 
9) 
FDIS 
TI 
ON 
TE 


ELECTRICAL SCHEMATIC 


QouTeuT | Fo =1{/FO =2 GATES 


3000 TPLH 12.4ns} 13.2 14.0 14.9 18.7 
Series TPHL 12.5 12.8 13.2 13.7 15.6 
5000 TPLH 5.9 6.7 7.5 8.3 11.7 
Series TPHL 6.2 6.7 7.2 7.7 9.7 
7000 TPLH 3.7 4.1 4.9 6.6 
Series TPHL 4.0 4.2 4.8 5.8 


Z(Q,QN) = FD1S(D, CP, TI, TE)$ 


WORKSTATION WC. DELAY LSI LOGIC CORP 
(RISE/FALL) DAISY n MENTOR =13.2/ 13.2 , VALID - 13 


09/25/84 


17-28 


DFF WITH CLEAR DIRECT DFF WITH SCAN TEST INPUTS. 
LOGIC DIAGRAM CLEAR DIRECT 


LOGIC DIAGRAM 


ELECTRICAL SCHEMATIC 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


3000 £TPLH ; : : 3000 #£TPLH 
Series TPHL : : ; ; : Series TPHL 


5000 £TPLH : ‘ : : : 5000 TPLH 
Series TPHL 5 : ; ; : Series TPHL 


7000 TPLH ; , ; : : 7000 #£#TPLH 
Series TPHL ; : . ; : Series TPHL 


Z(Q,QN) = FD2(D, CP, CD)$ Z(Q,QN) = FD2S(D, CP, CD, TI, TE)$ 


WORKSTATION wC. DeLay «ES LOGIC CORP ee WORKSTATION WC. DELAY ree 


(RISE/FALL) DAISY 2 MENTOR = 13.4/9.2e VALID = le (RISE/FALL) DAISY a MENTOR = 14.6/13.2 VALID = 14 


09/25/84 
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DFF WITH CLEAR DIRECT 
AND ADDED TRISTATE OUTPUT 


LOGIC DIAGRAM 


5000 £TPLH 
Series TPHL 
7000 TPLH tee 
Series TPHL 


Z(Z, Q) = FD2TS(D, CP, CD, RD)$ 


LSI LOGIC CORP 


WORKSTATION WC. DELAY 09/25/84 


(RISE/FALL) DAISY o MENTOR = 4.7/ 3.2 VALID = 4 


3000 
Series 


5000 
Series 


7000 
Series 


WORKSTATION WC. 
_ (RISE/FALL) DAISY mn MENTOR = 13.17 11.1 VALID = te 


Chapter 17: Macrocells 


DFF WITH CLEAR DIRECT, 


TPLH 
TPHL 


TPLH 
TPHL 


TPLH 
TPHL 


DELAY 


SET DIRECT 


LOGIC DIAGRAM 


Z(Q,QN) = FD3(D, CP, CD, SD)$ 
LSI LOGIC CORP 


09/25/84 


17-30 


3000 + £4TPLH 
Series TPHL 


5000 TPLH 
Series TPHL 


7000 + TPLH 
Series TPHL 


DFF WITH SCAN TEST INPUTS 
CLEAR DIRECT.SET DIRECT 


LOGIC DIAGRAM 


Z(Q,QN) = FD3S(D, CP, CD, SD, TI, TE)$ 
LSI LOGIC CORP 


WORKSTATION WC. DELAY 


CRISE/FALL) DAISY a MENTOR = 14.37 15.3 VALID = 15 


DFF WITH SET DIRECT 


LOGIC DIAGRAM 


ELECTRICAL SCHEMATIC 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


3000 
Series 


5000 
Series 


7000 
Series 


09/25/84 


Chapter 17: Macrocells 


TPLH 
TPHL 


TPLH 
TPHL 


TPLH 
TPHL 


WORKSTATION WC. DELAY 


Z(Q,QN) = FD4(D, CP, SD)$ 
LSI LOGIC CORP 
(RISE/FALL) DAISY m MENTOR = 12.2/ 11.1 


17-31 


VALID = 


le 


09/25/84 


DFF WITH SCAN TEST INPUTS. 
SET DIRECT 


LOGIC DIAGRAM 


DFF WITHOUT BUFFERED CLOCKS 


LOGIC DIAGRAM 


ELECTRICAL SCHEMATIC 


cP 
CPN 


NOMINAL 25°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


3000 #£TPLH 3000 £TPLH 
Series TPHL Series TPHL 


5000 £TPLH 5000 TPLH 
Series TPHL . : : 4 ; Series TPHL 


7000 + TPLH 3. 4. : : 7000 TPLH 
Series TPHL 4. 4.2 : ; Series TPHL 


Z(Q,QN) = FD4S(D, CP, SD, TI, TE)$ 
WORKSTATION WC. DELAY LSI LOGIC CORP 99/25/84 WORKSTATION WC. DELAY LST LOGIC CORP 


09/c5/84 
(RISE/FALL) DAISY o MENTOR =13.2/15.1 VALID = 14 (RISE/FALL) DAISY nm MENTOR = 8.097 6.6 
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DFF WITHOUT BUFFERED CLOCKS, 
WITH SCAN TEST INPUTS 


LOGIC DIAGRAM 


ELECTRICAL SCHEMATIC 


3000 £TPLH 
Series TPHL 


5000 TPLH 
Series TPHL 


7000 TPLH 
Series TPHL 


Z(Q,QN) = FD5S(D, CP, CPN, TI, TE)$ 


WORKSTATION WC. DELAY LSI LOGIC CORP 


(RISE/FALL) DAISY mn MENTOR = 10.87 8.7 VALID = 18 


DFF WITHOUT BUFFERED CLOCKS, 
WITH CLEAR DIRECT 


LOGIC DIAGRAM 


ELECTRICAL SCHEMATIC 


3000 #£TPLH 
Series TPHL 


5000 #£TPLH 
Series TPHL 


7000 +#£4TPLH 
Series TPHL 


n 
fm) 
fl 


WONILWN] woo 


Z(Q,QN) = FD6(D, CP, CPN, CD)$ 
WORKSTATION WC. DELAY LSI LOGIC CORP 
(RISE/FALL) DAISY om MENTOR = 8.7 / 6.6 


99/25/64 09/25/84 


VALID = 8 
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FD6S DFF WITHOUT BUFFERED CLOCKS. ) DFF WITHOUT BUFFERED CLOCKS, 
WITH SCAN TEST INPUTS.CLEAR DIRECT WITH CLEAR DIRECT-SET DIRECT 


LOGIC DIAGRAM LOGIC DIAGRAM 


ELECTRICAL SCHEMATIC 
ELECTRICAL SCHEMATIC 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS | ep 


3000 #£TPLH 
Series TPHL : , : 3000 TPLH 


5000 TPLH ‘ : : nr Series TPHL 
Series TPHL : 5000. TPLH 


7000 TPLH , : : ; d Series TPHL 
Series TPHL : : 7000 TPLH 
Series TPHL 


Se 
Nia] aw] on 


Z(Q,QN) = FD6S(D, CP, CPN, CD, TI, TE)$ Z(Q,QN) = FD7(D, CP, CPN, CD, SD)$ 


Bf} WORKSTATION WC. DELAY LST LOGIC CORP aeiaeies WORKSTATION WC. DELAY LSI LOGIC CORP aie 


(RISE/FALL) DAISY @ MENTOR = 10.87 8.9 VALID = 10 @ CRISE/FALL) DAISY o MENTOR = 8.4 / 8.7 VALID = 9 
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FD7S DFF WITHOUT BUFFERED CLOCKS, DFF WITHOUT BUFFERED CLOCKS, 
WITH SCAN TEST INPUTS,.CLEAR DIRECT. WITH SET DIRECT 
SET DIRECT 


LOGIC DIAGRAM 


LOGIC DIAGRAM 


ELECTRICAL SCHEMATIC 
ELECTRICAL SCHEMATIC 


5D 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


Q OUTPUT Fost 0 = 3|FO = 4/FO = 8| GATES 
Sauer [on fe=afons]o~e]a-s[ one ea EEE 
3000 TPLH | 12.2ns| 13.0 | 13.8 | 147 coal ea 
Series TPHL | 12.1 | 12.7 | 13.3 | 14.1 5000. ‘TPLH 


5000 TPLH Series TPHL 
Series TPHL ; 7000 # TPLH 


7000  TPLH Seties PAE 
Series TPHL ; 


INPUT LOADING: 3K (1,2,2 
SK (1,2, 2, 2,2, 
7K (1,2, 2, 2,2, 1,2) 


Z(Q,QN) = FD7S(D, CP, CPN, CD, SD, TI, TE)$ Z(Q,QN) = FD8(D, CP, CPN, SD)$ 


WORKSTATION WC. DELAY LSI LOGIC CORP piled a WORKSTATION WC. DELAY LSE LOGIC CORP 99/25/84 


CRISE/FALL): DAISY «Q@ MENTOR = 11.57 21.1. VALID = te B.. CRISEZPALL?: DAISY a MENTOR #6: 7°7 68.7 “VALID = 9 


22; \, 
2,2, 1; 
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DFF WITHOUT BUFFERED CLOCKS. JK FLIP FLOP WITH SEPERATE 
WITH SCAN TEST INPUTS,-SET DIRECT MASTER o SLAVE CLOCKS, 
LOGIC DIAGRAM CLEAR DIRECT o SET DIRECT. 


LOGIC DIAGRAM 


ELECTRICAL SCHEMATIC 


3000 TPLH 
Series TPHL 


5000 TPLH 
Series TPHL 


7000 #£TPLH : : ‘ ‘ : 
Series TPHL ; 9000 TPLH 
Series TPHL 


7000 = TPLH 
Series TPHL 


INPUT LOADING: 5K (1, 1,2, 2, 1, 1, 1, 1) 
7K (1, 1,2,2, 1, 1, 1, 1) 
Z(Q,QN) = FIKAU, K, CPM, CPS, CDM, CDS, SDM, SDS)$ 
WORKSTATION wc. DeLay. —-»- ESE LOGIC CORP Pree WORKSTATION WC. DELAY aor areca 
(RISE/FALL) DAISY 9 MENTOR = 10.4/ 11.0 VALID = 11 (RISE/FALL) DAISY 9 MENTOR =13.9/ 19.8 VALID = 13 


Z(Q,QN) = FD8S(D, CP, CPN, SD, TI, TE)$ 


09/25/84 . 
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FJKIS JKFF WITH SCAN TEST INPUTS 


LOGIC DIAGRAM 


JKFF 


LOGIC DIAGRAM 


ELECTRICAL SCHEMATIC 


3000 #£#TPLH 
Series TPHL 


5000 TPLH 
Series TPHL 


7000 #£TPLH 
Series TPHL 


3000 # TPLH 
Series TPHL 


5000 TPLH 
Series TPHL 


7000 TPLH 
Series TPHL 


Z(Q,QN) = FJK1Q, K, CP)$ 


WORKSTATION WC. DELAY LSI LOGIC CORP 09/25/84 


(RISE/FALL) DAISY m MENTOR = 14.17 13.6 VALID 


WORKSTATION WC. DELAY LSI LOGIC CORP 09/25/84 


(RISE/FALL) DAISY a MENTOR = 12.7/ 9.08 VALID 
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JKFF WITH CLEAR DIRECT 


LOGIC DIAGRAM 


ELECTRICAL SCHEMATIC 


3000 + £TPLH 9.7ns} 10.6 11.5 12.5 16.2 
Series TPHL 6.9 7.3 7.8 8.3 10.3 
5000 TPLH 6.7 7.5 8.4 9.2 12.5 
Series TPHL 5.2 5.7 6.2 6.8 8.9 
7000 + TPLH 3.4 3 4. 

Series TPHL 2.8 3.2 3.3 | 


Z(Q,QN) = FJK2(J, K, CP, CD)$ 


WORKSTATION WC. DELAY See ae 09/25/84 


(RISE/FALL) DAISY m MENTOR = 13.47 9.0 VALID = 11 


y FJK2S © JKFF WITH SCAN TEST INPUTS. 


CLEAR DIRECT 


LOGIC DIAGRAM 


ELECTRICAL SCHEMATIC 


3000 TPLH 18.3 22.1 1 
Series TPHL 1 16.2 18.1 


5000 TPLH 0 
Series TPHL : 3 1 


7000 TPLH 
Series TPHL 


Z(Q,QN) = FJK2S(, K, CP, CD, TI, TE)$ 
LSI LOGIC CORP 


| WORKSTATION WC. DELAY 


CRISE/FALL) DAISY n MENTOR = 14.6/ 13.4 VALID = 14 
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2 
11 


29/25/84 


JKFF WITH CLEAR DIRECT- 
SET DIRECT 


LOGIC DIAGRAM 


ELECTRICAL SCHEMATIC 


3000 #£TPLH 
s Series TPHL 


5000 + TPLH 
Series TPHL 


7000 + TPLH 
Series TPHL 


INPUT LOADING: 3K (1, 1, 
5K (1,1, 
7K (1,1, 1, 2, 2) 


Z(Q,QN) = FJK3(J, K, CP, CD, SD)$ 
WORKSTATION WC. DELAY LSI LOGIC CORP 


j FIKIS JKFF WITH SCAN TEST INPUTS, 


CLEAR DIRECT.SET DIRECT 


LOGIC DIAGRAM 


ELECTRICAL SCHEMATIC 


3000 £TPLH 
Series TPHL 


5000 #£4TPLH 
Series TPHL 


7000 + TPLH 
Series TPHL 


INPUT LOADING: 3K (1, 1, 1,2, 2 
~ SK (1,1, 1,2, 2 
7K (1,1, 1, 2, 2, 

Z(Q,QN) = FJK3S(J, K, CP, CD, SD, TI, TE)$ 


LSI LOGIC CORP 


99/25/84 a WORKSTATION WC. DELAY 
s CRESE/FAEL) DALOY- @ MENTOR: «14.0 7 Toa.t. VALED s 15 


09/25/84 
(RISE/FALL. DAISY <a. MENTOR @ acl-7 20 NALT De Le 
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TOGGLE FF WITHOUT BUFFERED 
CLOCKS, WITH CLEAR DIRECT 


LOGIC DIAGRAM 


ELECTRICAL SCHEMATIC 


cP 
CPN 
cD 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


corm [oo i[eca[ora]on son a]eae 


3000 = TPLH 


fear 
Series TPHL noe 


5000 £TPLH 
Series TPHL 


7000 + TPLH 
Series TPHL 


Z(Q,QN) = FT2(CP, CPN, CD)$ 


LSI LOGIC CORP 
WORKSTATION WC. DELAY 99/25/84 


(RISE/FALL) DAISY m MENTOR = 8.7 / 6.6 VALID = 8 


TOGGLE FLIPFLOP WITHOUT 
BUFFERED CLOCKS.WITH CLEAR DIRECT. 
SET DIRECT 


LOGIC DIAGRAM 


ELECTRICAL SCHEMATIC 


cP 
CPN 
SD 


cD 
NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


3000 
Series 


5000 
Series 


7000 
Series 


WORKSTATION WC. DELAY 


Chapter 17: Macrocells 


TPLH 
TPHL 


TPLH 
TPHL 


TPLH 
TPHL 


LSI LOGIC CORP 
(RISE/FALL) DAISY nm MENTOR = 8.4 / 8.2 VALID 


09/25/84 


TOGGLE FLIPFLOP WITHOUT 
BUFFERED CLOCKS.WITH SET DIRECT 


LOGIC DIAGRAM 


ELECTRICAL SCHEMATIC 


3000 + £4TPLH 
Series TPHL 


5000 £TPLH 
Series TPHL 


7000 TPLH 
Series TPHL 


Z(Q,QN) = FT4(CP, CPN, SD)$ 
WORKSTATION WC. DELAY LSI LOGIC CORP 


(RISE/FALL) DAISY a MENTOR = 8.7 / 8.e VALID = 9 


09/25/84 


CR] 


INPUT PAD WITH BUFFER 
FOR CMOS INPUT 


LOGIC DIAGRAM 


A 


Ti ae ae cee 


ELECTRICAL SCHEMATIC 


q ae INPUT 
PROTECTION 


| >o— >a z 


NOMINAL 25°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


3000 + TPLH 
Series TPHL 


5000 TPLH 
Series TPHL 


7000 #£TPLH 
Series TPHL 


Z = IBUF(A)$ 
LSI LOGIC CORP 


E WORKSTATION WC. DELAY porceiel 
SE/FALL) DAISY o MENTOR = 1.9 / 2.1 VALID 
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INPUT PAD WITH PULL DOWN 
AND BUFFER FOR CMOS INPUT 


LOGIC DIAGRAM 


1BUFD 


ELECTRICAL SCHEMATIC 


INPUT he fe 
; L | Raa t [>e >e . 


= 1BUFD 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


TPLH 
TPHL 


TPLH 
TPHL 


TPLH 
TPHL 


3000 
Series 


5000 
Series 


7000 
Series 


Z = IBUFD(A)$ 
_ LSILOGIC CORP 
VALID = 2 


WORKSTATION WC. DELAY 


og/es/e4 
(RISE/FALL) DAISY o MENTOR = €.1 / 1.9 . 


Chapter 17: Macrocells 


BUFFER FOR BIDIRECT CMOS INPUT 


LOGIC DIAGRAM 


ee 


ELECTRICAL SCHEMATIC 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


TPLH 4.0 4.4 49 5.4 
TPHL 39 4.3 4.7 5.2 
7 : : 3 

, 6 


3000 
Series 


5000 
Series 


7000 
Series 


TPLH 
TPHL 


TPLH 
TPHL 


INPUT LOADING: 3K (1.5) 
SK (1.5) 
7K (1.5) 


Z = IBUFKA)$ 7 
B WORKSTATION WC. DELAY ease eecal Peary 
§ CRISE/FALL) DAISY o MENTOR =3.6 / 3.4 VALID = 4 
17-42 


IBU FN inverting Input Pad IBUFN 


(7k only) With Buffer For Cmos Input (7k only) 


INPUT PAD WITH PULL UP 
AND BUFFER FOR CMOS INPUT 


LOGIC DIAGRAM 


A 1 BUFU 
zZ 


ELECTRICAL SCHEMATIC 


Q INPUT 7 
PROTECTION 


NOMINAL 25°C. SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


3000 TPLH 
cores Tea | Series TPHL 
5000 TPLH 
Series TPHL 


7000 TPLH 
Series TPHL 


INPUT LOADING: 7K (5) 


Z = IBUFN(A)$ 
FIXED DELAYS [ workstation sortware DATABOOK | 


WORST CASE COMMERCIAL DELAYS VALID | OAISY | MENTOR 7 = IBUFULA)S 
BASED UPON FO= 2 WITH 3.5 3.5 = ( 
STATISTICAL WIRE LENGHTS aa aes : 


LSI LOGIC CORPORATION © COPYRIGHT 1981, 1982, 1983, 1984 JULY, 1984 WORKSTATION WC. DELAY LSI LOGIC CORP 
(RISE/FALL) DAISY o MENTOR = 1.9 / 1.9 VALID 


09/25/84 
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ICK1 inverting Clock-driver ICK1 ICK2 Inverting Clock-driver ICK2 


(7k only) (7k only) (7k only) (7k only) 


»—: 


| *¢-e2 | 


7000 = TPLH 4.0 4.5 5.0 6.1 Z= ICK2(A )$ | 
Series TPHL 4.3 4.7 5.2 6.2 a 


THREE 1/O CELLS B1IB 


O I/O CELLS NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


7000 TPLH 44 44 4.6 5.4 
Z =ICK1(A)$ Series TPHL 5.0 5.0 a2 5.9 
FIXED DELAYS [ workstation sortware DaTasoox | FIXED DELAYS [ workstation sortware ors 


WORST CASE COMMERCIAL DELAYS A ll ED ee eee WORST CASE COMMERCIAL DELAYS MAND: 3p RRO’ | MENTOR 
BASED UPON FO= 2. WITH TEE ae a3 BASED UPON FO= 2. WITH ae re 
STATISTICAL WIRE LENGHTS TPHL 75 7s STATISTICAL WIRE LENGHTS 82 a5 


LSI LOGIC CORPORATION ® COPYRIGHT 1981,1982,1983,1984 MAY, 1984 LSI LOGIC CORPORATION © COPYRIGHT 1981,1982,1983,1984 MAY, 1984 
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SINGLE INVERTER 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


3000 #TPLH 
Series TPHL 


5000 TPLH 
Series TPHL 


7000 + TPLH 
Series TPHL 


5K 


Z =IV(A)$ 


WORKSTATION WC. DELAY LSI LOGIC CORP 
(RISE/FALL) DAISY 9 MENTOR = 5.0 / 2.7 VALID 


Chapter 17: Macrocells. 


WORKSTATION WC. DELAY 
{RISE/FALL DATSY m MENTOR = 3.97 €.7 VALID = a 


03/25/84 


INVERTER WITH 
PARALLEL P TRANSISTORS 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


a—_—l>o—7 


3000 TPLH 
Series TPHL 


5000 TPLH 
Series TPHL 


7000 #£4TPLH 
Series TPHL 


INPUT LOADING: 3K 
5K 


Z = |IVA(A)$ 


LSI LOGIC CORP 


17-45 


99/25/84 


INVERTER INTO INVERTER 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


3000 #£=TPLH 
Series TPHL 


5000 TPLH 
Series TPHL 


7000 TPLH 
Series TPHL 


INPUT LOADING: 3K (1) 
SK (1) 
7K (1) 

WITH Y OUTPUT UNLOADED 


X(Y, Z) = IVDA(A)$ 


WORKSTATION WC. DELAY LST LOGIC CORP 


(RISE/FALL) DAISY o MENTOR = 7.9 / 6.7 VALID = 7 


POWER INVERTER 


C2 PARALLEL INVERTERS) 


LOGIC DIAGRAM 


VP 


-_—— >0————Z 


ELECTRICAL SCHEMATIC 


3000 TPLH 
Series TPHL 


5000 TPLH 
Series TPHL 


7000 TPLH 
Series TPHL 


INPUT LOADING: 3K (2) 
SK (2) 
7K (2) 


Z=IVP (A)$ 


WORKSTATION WC. DELAY 
(RISE/FALL) DAISY m MENTOR = 4.3/7 2.6 


09/25/84 
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LSI LOGIC CORP 


VALID. = 


d 


09/25/84 


DLATCH, GATED 


LOGIC DIAGRAM 


ELECTRICAL SCHEMATIC 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


3000 + #£TPLH 10.4 11.3 12.2 2 
Series TPHL 9.6 10.0 10.5 0 . 
5000 TPLH 4.8 6.4 7.3 10.6 3 
Series TPHL 4.3 49 5.1 6.3 
7000 TPLH 3.0 3.4 8 2 9 
Series TPHL 3.0 3.1 3.3 5 2 


Z(Q, QN) = LD1 (D, G)$ 


WORKSTATION WC. DELAY LSI LOGIC CORP 09/25/84 


(RISE/FALL) DAISY m MENTOR = 14.67 11.4 VALID = 13 


DLATCH. GATED 
(GATE ACTIVE LOW) 


LOGIC DIAGRAM 


ELECTRICAL SCHEMATIC 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


3000 #£TPLH 
Series TPHL 


5000 £TPLH 
Series TPHL 


7000 + TPLH 
Series TPHL 


LSI LOGIC CORP 
CRISE/FALL) DAISY a MENTOR = 14.67 11.4 VALID = 


WORKSTATION WC. DELAY 99/25/84 
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DLATCHs GATED- CLEAR DIRECT 
GATE ACTIVE HIGH 


LOGIC DIAGRAM 


ELECTRICAL SCHEMATIC 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


Q1 OUTPUT 
5000 TPLH 
Series TPHL 


7000 #£TPLH 
Series TPHL 


Z(Q, QN) = LD3 (D, G, CD)$ 


WORKSTATION WC. DELAY LS! LOGIC CORP 09/25/84 


(RISE/FALL) DAISY o MENTOR = 14.67 11.4 VALID = 13 


LD4 DLATCH, GATED. CLEAR DIRECT LD4 
(SK ONLY) CGATE ACTIVE LOW) (SK ONLY) 


LOGIC DIAGRAM 


ELECTRICAL SCHEMATIC 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


Q1 OUTPUT 


5000 TPLH 
Series TPHL 


7000 #£#TPLH 
Series TPHL 


WORKSTATION WC. BELAY LSI LOGIC CORP 99/25/84 


CRISE/FALL) DAISY o MENTOR = 14.67 11.4 VALID = 13 


Chapter 17: Macrocells | 17-48 


ORLATCH WITH SEPARATE ORLATCH WITH COMMON 
GATED INPUTS, SD- RD GATED INPUTS,SD. RD 


LOGIC DIAGRAM LOGIC DIAGRAM 


ELECTRICAL SCHEMATIC 


SD 


RD 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


3000 TPLH 

. 3000 TPLH 5. 
series TPL Series TPHL 16. 
5000 TPLH 


Series TPHL : ; { ‘ 5000 TPLH 


Series TPHL 

77000 #£TPLH : : : : 
Series TPHL . ; 7000 = TPLH 
Series TPHL 


LSI LOGIC CORP 
WORKSTATION WC. DELAY gs7e87ee WORKSTATION WC. DELAY LSI LOGIC CORP 


09/25/84 
(RISE/FALL) DAISY a MENTOR = 12.37 7.8 VALID (RISE/FALL) DAISY nm MENTOR = 6.6/7 18.3 VALID 
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LS1 = DLATCH WITH SCAN TEST INPUTS DLATCH INTO DLATCH WITH 
(LSSD) SCAN INPUTS (LSSD) 


LOGIC DIAGRAM LOGIC DIAGRAM 


ELECTRICAL SCHEMATIC 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


Q1 OUTPUT 


3000 TPLH 4 : 3000 TPLH 
Series TPHL : : : ; Series TPHL 


5000. TPLH | 5000. TPLH 
Series TPHL : ; ‘ . Series TPHL 


7000 TPLH | 4. 7000 TPLH 
Series TPHL : : : : ‘ Series TPHL 


Z(Q, QN) =LS1 (D1, C1, D2, C2)$ Z(Q1, QIN, Q2, Q2N) =LS2 (D1, C1, D2, C2, C3)$ 


LSI LOGIC CORP , 
WORKSTATION WC. DELAY 99/25/84 WORKSTATION WC. DELAY eer ae 99/25/84 


CRISE/FALL? DRISY @ MENTOR =11.6/7°-9.5 VALID = 11 (RISE/FALL) DAISY a MENTOR = 14.0/ 18.6 VALID = le 
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MUX21L MUXe1L 
INVERTING GATE MULTIPLEXER 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


3000 + £4TPLH 
Series TPHL 


5000 TPLH 
Series TPHL 


7000 #£TPLH 
Series TPHL 


Z =MUX21L (A, B, S)$ 


WORKSTATION WC. DELAY LSI LOGIC CORP 
CRISE/FALL) DAISY a MENTOR = 6-77 6.2 vain = 7 


Q9/25/84 


MUX21LA 


MUX21LA 


Two to One Transmission 


Gate Multiplexer , Inverting output 


S T 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


3000 #£TPLH 
Series TPHL 


S000 TPLH 
Series TPHL 


7000 #£TPLH 
Series TPHL 


Z = MUX21LA (SN, A, S, B)$ 


FIXED DELAYS [ workstation sortware patasook ] 


LSI LOGIC CORPORATION © COPYRIGHT 1981,1982,1983,1984 MAY, 1984 


WORST CASE COMMERCIAL DELAYS 
BASED UPON FO= 2. WITH 
STATISTICAL WIRE LENGHTS 
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MU X41 4 Bit Non-inverting Mux MU X41 


(7k only) (7k only) 


FUNCTION 


7000 #£TPLH : 3.3 5.7 
Series TPHL . : 4.2 5.3 


INPUT LOADING: 7K (3.4, 3.4, 3.4, 3.4, 3, 2) 


Z = MUX41 (DO, D1, D2, D3, A, B)$ 
FIXED DELAYS [ workstation software DATABOOK | 


7.0 7.0 
5.0 5.0 


LSI LOGIC CORPORATION © COPYRIGHT 1981,1982,1983,1984 JULY, 1984 


WORST CASE COMMERCIAL DELAYS 
BASED UPON FO= 2 WITH 
STATISTICAL WIRE LENGHTS 


MUX81 8 Bit Non-inverting Mux ~~ MUX81 


(7k only) (7k only) 


FUNCTION 


B A 


0 
0 
0 
0 
1 
1 
{ 
1 


~—_Oo7"- - oOo 
=o "07 0-90 


7000 #£TPLH 
Series TPHL 


INPUTLOADING: 7K (3.4, 3.4, 3.4, 3.4, 3.4, 3.4, 3.4, 3.4, 1,3, 2) 


Z = MUX81 (DO, D1, D2, D3, D4, D5, D6, D7, A, B, C)$ 
FIXED DELAYS [ workstation software patasook | 


VALID DAISY MENTOR 
9.7 9.7 
75 75 


LSI LOGIC CORPORATION © COPYRIGHT 1981,1982,1983,1984 JULY, 1984 


WORST CASE COMMERCIAL DELAYS 
BASED UPON FO= 2 WITH 
STATISTICAL WIRE LENGHTS 
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LOGIC DIAGRAM ELECTRICAL SCHEMATIC 
LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


R 
= 
A C 
sD oe 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


3000 TPLH : ; : : : 3000 TPLH 
Series TPHL . ; : : : Series TPHL 


5000 TPLH ; : : é . 5000 TPLH 
Series TPHL : . : : : Series TPHL 


7000 TPLH ‘ ; : . ; 7000 TPLH 
Series TPHL : : : . . | Series TPHL 


INPUT LOADING: 3K (1, 1) INPUT LOADING: 3K 
SK (1, 1) SK 
7K (1,1) 7K 


Z =ND2 (A, B)$ 


WORKSTATION WC. DELAY LSI LOGIC CORP 99/25/84 WORKSTATION WC. DELAY LSI LOGIC CORP 


CRISEZFALLY” DATSY 4 MENTOR: & S57 425. ¢ VRALLD = 406 (RISE/FALL) DAISY a MENTOR = 86.6 7/7 1€.0 VALID 


9/25/84 
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@ 3NANDS INTO 2NOR INTO 
INVERTER (6NAND) 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


D Cc B A 
LOGIC DIAGRAM ELECTRICAL SCHEMATIC 
2 4 
= Z 


NOMINAL 25°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


3000 £TPLH : : 11.5 2 3000 =TPLH 
Series TPHL : . é ? et Series TPHL 

: : 2 5000 £=TPLH 
cores Tou . fe aes Series TPHL 


7000 TPLH 
sae Teal Series TPHL 


Z=ND4 (A, B, C, D)$ Z = ND6(A, B, C, D, E, F)$ 


WORKSTATION WC. DELAY salsa oecinncriel WORKSTATION WC. DELAY LSI LOGIC CORP 


. 09/25/84 29/25/84 
(RISE/FALL): DAISY .o. MENTOR = 7.4. /-8.8 VALID = 6 CRISE/FALL) DAISY no MENTOR = 8.8/7 1¢€.0 VALID = 11 
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& 4NANDS INTO 2NOR INTO 
INVERTER C8NAND) 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


B A 
A 
> 
Zz 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


~ 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


Zo mwme°:CwD 
Zo 7M sD 


TPLH ‘ : . ; . 3000 TPLH 
chee TPHL . . . ; : Series TPHL 


TPLH : . ‘ ; ; 5000 TPLH 
ae TPHL : : . : ; Series TPHL 


TPLH 7000 TPLH 
Series TPHL | Series TPHL 


INPUT LOADING: 3K (1, 1) 
5K (1, 1) 
7K (1, 1) 


Z = ND8 (A,B, C, D, E, F, G, H)$ Z = NR2 (A, B)$ 


WORKSTATION WC. DELAY LSI LOGIC CORP LSI LOGIC CORP 


09/25/84 WORKSTATION WO. DELAY 
(RISE/FALL) DAISY a MENTOR = 9.2 / 12.8 VALID = 11 


09/25/84 
(RISE/FALL) DAISY m MENTOR = 9.4 / 3.1 VALID = 6 


Chapter 17: Macrocells 17-55 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


C B A 
A 
: | So—7 
A 
=) 
C 
Zz 


C B 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


3000 + £TPLH ; ‘ : : 3000 TPLH 18. 
Series TPHL : : : : : Series TPHL ; 4. 


5000 TPLH ; 7 : : 5000 TPLH ; 11 
Series TPHL : : : . Series TPHL : 4. 


7000 TPLH [7000 TPLH 
Series TPHL : : : : : Series TPHL 


INPUT LOADING: 3K 


Z = NR3 (A, B, C)$ Z = NR4 (A, B, C, D)$ 


WORKSTATION WC. DELAY LSI LOGIC CORP 99/25/84 WORKSTATION WC. DELAY LST LOGIC CORP 


(RISE/FALL) DAISY o MENTOR = 16.8/ 3.5 VALID = 18 CRIGE/FAL) DAISY o MENTOR = €1:6/ 3.5 VALID = 13 


29/25/84 
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@ 3NORS INTO 2NAND INTO 
INVERTER C6NOR) 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


3000 #£TPLH 
Series TPHL 


5000 #£=TPLH 
Series TPHL 


7000 #£4TPLH 
Series TPHL 


Z =NR6 (A, B, C, D, E, F)$ 


WORKSTATION WC. DELAY LSI LOGIC CORP 
(RISE/FALL) DAISY ao MENTOR = 13.27 7.8 VALID 


09/25/84 


@ 4NORS INTO 2NAND INTO 
INVERTER (C8NOR) 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


oa 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


rom COD 


A 
B 
C 
D 
E 
F 
G 
H 


3000 #£TPLH 
Series TPHL 


5000 #£TPLH 
Series TPHL 


7000 #£#.TPLH 
Series TPHL 


Z =NR8 (A,B,C, D, E, F, G, H)$ 


WORKSTATION WC. DELAY LSI LOGIC CORP 
(RISE/FALL) DAISY o MENTOR = 16.77 7.8 VALID. = “1c 


09/25/84 
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DLATCH, GATED 
COMPLETE OSCILLATOR WITH ADDED TRISTATE OUTPUT 


FOR USE WITH EXTERNAL XTAL LOGIC DIAGRAM 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


INPUT 
PROTECTION 


TBUF OSCBeB 


ON RD 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


C = 100PF| GATES 
5000 TPLH 8. 5000 TPLH 
Series TPHL : : : Series TPHL 


3000 TPLH 
Series TPHL 


3000 #£TPLH 
Series TPHL 


7000 TPLH 
Series TPHL 


7000 # TPLH 
Series TPHL 


Z(ZX, Z!) = OSC2 (A)$ Z(ZN, QN) = RAM1 (D, WR, WRN, RD)$ 


WORKSTATION WC. DELAY LSE LOGIC CORP Fe Fag WORKSTATION WC. DELAY LSI LOGIC CORP 


CRISE/FALL) DAISY a MENTOR = 7.8 / 10.4 VALID = 13 (RISE/FALL) DAISY o MENTOR = 5.6/7 4.5 VALID = 5 
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99/C5/84 : 


SCHMDT 1 SCHMDT 1 


INPUT PAD WITH SCHMDT TRIGGER 


LOGIC DIAGRAM 


aS 


ST] 


ELECTRICAL SCHEMATIC 


i 
I 


INPUT 
L 
poner |“ 


3000 #£TPLH 
Series TPHL 


5000 TPLH 
Series TPHL 


7000 #£TPLH 
Series TPHL 


Z = SCHMDT1 (A)$ 


LSI LOGIC CORP 


= 86.5 / 14.1 VALID = le 


WORKSTATION WC. DELAY 
(RISE/FALL) DAISY om MENTOR 


99/25/84 


Chapter 17: Macrocells 


g WORKSTATION WC. DELAY 
(RISE/FALL) DAISY o MENTOR =17.2€/10.4 VALID = 14 


SCHMDTe SCHMDTe2 


INPUT PAD WITH 
INVERTING SCHMDT TRIGGER 


LOGIC DIAGRAM 


oo 


STl 


ELECTRICAL SCHEMATIC 


4 - INPUT 
PROTECTION 


3000 TPLH 
Series TPHL 


5000 TPLH 
Series TPHL 


7000 # TPLH 
Series TPHL 


Z = SCHMDT2 (A)$ 


LSI LOGIC CORP 


09/25/84 


- 17-59 


SR84 8 BIT SHIFT REGISTER SR84 
(5K ONLY? (SK ONLY) =f 


WITH 2 BIT MULTIPLEXED INPUTS INVERTING SCHMIDT TRIGGER 


FOR INTRACHIP WAVE SHAPING 


eTvORK SCHEMATIC LostC piace 


Ea 


na 


SI, ert See ROe D 


isaac 73 


LOGIC DIAGRAM ELECTRICAL SCHEMATIC 


CONES Sua Meek. oo eae ioe ee, eaeae ARETE 


A 
B 
C 
D 
E 
F 
G 
H 
L 


BOPP iS REO GUS IS? IP PREC WETS A 


3000 + £TPLH 
Series TPHL 


5000 TPLH 
Series TPHL 


7000 # TPLH 
Series TPHL 


t 
) 
: 
i 
; 
t 
; 


RAGA et BONS tio BABE 
Besek okt, <: sana 5 2 Seo: 


THAW eprcts- Garey y aioe 


INPUT LOADING: 3K (2) 
5K (2) 
7K (2) 


2 eV 


fo rey he 


Z(QA. OB, QC, QD, QE. OF. OG, QH)=SR84(S1.A. B.C. 0-E.F.G, 
H-L.~CP)$ 


PON LPT SEP oS HE ee CEST: 


: SRB4 EXAMPLE 


3 LSI LOGIC CORP 
H GATES USED = 60 99/02/83 


WORKSTATION WC. DELAY LSI LOGIC CORP 
(RISE/FALL) DAISY a MENTOR = 13.6/ 8.0 VALID = 11 


9/25/84 


re ae ees eee 


Rea 


EE ory Map mem R EAU ELI RTI Na RRA RO, RN 0 HP RADA EAS APB GP ON DT I LA ey OSI EC LEE LATER CED ee SE ot NEED Ge TEL NO NG, A RENE en Oen eI eeeaeegion oat 
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INPUT PAD WITH BUFFER 
NON INVERTING SCHMDT TRIGGER 


IN FOR INTRACHIP WAVE SHAPING FOR TTL INPUT 


LOGIC DIAGRAM LOGIC DIAGRAM 


ST} A 


ELECTRICAL SCHEMATIC 
ELECTRICAL SCHEMATIC 


sTl , ie INPUT 
»——lf>—7 PROTECTION 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 


3000 TPLH . : 3000 TPLH 
Series TPHL . : : ; : Series TPHL 


5000 TPLH ; : ‘ : : 5000 TPLH 
Series TPHL : ; ; : ; Series TPHL 
7000 + TPLH : ; : : . 7000 #£TPLH 
Series TPHL : . : . } Series TPHL 


INPUT LOADING: 3K (2) ONE I/O CELL 
5K (2) 
7K (2) 


Z=ST1 (A)$ Z = TLCHT(A)$ 


WORKSTATION WC. DELAY LSd LOGIC CORP are tes WORKSTATION WC. DELAY LSI LOGIC CORP 


09/25/84 
CRISE/FALL) DAISY m MENTOR = 6.1 /10.4 VALID CRISE/FALL) DAISY o MENTOR = 3.5 / 7.0 VALID = 3 


Chapter 17: Macrocells 17-61 


TLCHTI TLCHTI TLCHN Inverting Input Pad TLCHN 


| (7k only) With Buffer For TTL Input (7k only ) 
BUFFER FOR BIDIRECT TTL INPUT 


LOGIC DIAGRAM 
A — >o— >O-———— Z 


* ELECTRICAL SCHEMATIC 


— 


NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS NOMINBE Se Cie ewehlORMA Rear n ecneete rs te 


7000 + TPLH 
3000 TPLH Series TPHL 
Series TPHL . 


5000 TPLH j ; : . INPUT LOADING: 7K (5) 
Series TPHL 


7000 TPLH 

Series TPHL 

INPUT LOADING: 3K (3) Z = TLCHN(A)$ 
5K (3) 


7K (3 
(3) FIXED DELAYS [ workstation sortware oatasook | 
WORST CASE COMMERCIAL DELAYS sf MAEID: le SOON eR LOS 
Z = TLCHTI(A)$ BASED UPON FO= 2 WITH | TPLH aA 
STATISTICAL WIRE LENGHTS TPHL 56 


WORKSTATION WC. DELAY LST LOGIC CORP 29/25/84 LSI LOGIC CORPORATION © COPYRIGHT 1981, 1982, 1983,1984 JULY, 1984 


(RISE/FALL) DAISY a MENTOR = 3.8/7 8.7 VALID = 6 
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Chapter 18: Macrofunction Catalog 


This page explains how to read the macrofunction model 
catalog and annotates the CB4C macrofunction model in Figure 


The macrofunction's name appears in the upper-left and 
upper-right corners. 


The macrofunction's function is provided on the same 
line as the macrocell's name. 


The macrofunction's network schematic, illustrating 
interconnected macrocells, is shown. | 


18.1. 

Ls 

2s 

3. 

4. The 

5. The 
lar 
not 

6. The 


macrofunction's logic diagram is also shown. 


coding 
syntax 
by the 


number 


syntax in TDL format is shown. This particu- 
is used by the LDS System logic simulator, 
workstation simulator. 


of gates used by the macrofunction is shown 


in the lower left corner. 
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BIT BINARY UP COUNTER CB4C 


FAST» SYNC CLEAR®@ 


NETWORK SCHEMATIC @ 


LOGIC DIAGRAN 


CB4C EXAMPLE 
Z( AQN,>BON,CON,OQN) =CB4C(CL.CP)$ @ 


“ LSI LOGIC CORP 
GATES USED = 43 @ 


Figure 18.1 
Model for CB4C Macrofunction 


CMOS Macrocell Manual 


CB4C 


CB4 0 64 BIT BINARY UP COUNTER 
FAST, SYNC CLEAR 


NETWORK SCHEMATIC 


LOGIC OL AGRAN 


CB4C EXAMPLE 


Z(AQN»BON+CON+DON) =CB4C(CL+CP) § 


LSI LOGIC CORP 
GATES USED = 43 03/09/83 


CB4F 4 BIT BINARY UP COUNTER CB4F 


FAST» INDIVIDUAL CD SD 


NETWORK SCHEMATIC 


LOGIC DIAGRAM 


CB4F EXAMPLE 
Z( AQN»+BON-CON, DON) =CB4F(CP,ACD,BCD-CCO,O0CO, 
ASO0,8S0,CS0,050)§ 


LSI LOGIC CORP 
GATES USED = 47 02/20/83 
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CBSC 


CBOF 6s BIT BINARY UP COUNTER LBoF 


FAST» INDIVIQUAL CD SO 


NETWORK SCHEMATIC 


9 BIT BINARY UP COUNTER 
FAST» SYNC CLEAR | 


CBSC 


CP 


NETWORK SCHEMATIC 


LOGIC DIAGRAM 


LOGIC O1AGRAM 


CBSF EXAMPLE 
Z(AQN,»BON,CON» 
DON,»EQN) = 
CBSF(CP,ACD, 
BCO,CCO,OCO; 
ECD»ASO,.BSO0, 
CS0,050,ES0)$§ 


CBSC EXANPLE 
Z( AON, BON,CON, 
DON, EON) = 

CASC(CL»CP)$ 


EC QN) 


LSI LOGIC CORP 


GATES USED = 6! 04/18/84 LSI LOGIC CORP 


GATES USED = §9 83/14/83 
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CB6C 6 BIT BINARY UP COUNTER 
FAST» SYNC CLEAR 


NETWORK SCHEMATIC 


AQN BON CON DON EQN 
CL 


SEE CBSC 


CB6C EXAMPLE 


Z{ AQN,BON,CON,DON,EQN, FON) =CBEC(CL»CP)S§$ 


LSI LOGIC CORP 
GATES USED = 70 


CBEC 


CBbF 6¢ BIT BINARY UP COUNTER 
FAST» INDIVIDUAL CD SD 


NETWORK SCHENATIC 
ASO 8 6©85006CSD)6=OfsaOSD~)SOESO 


SEE CBSF 


CB&F EXAMPLE 


CB6F 


Z(AQN,BON,CON,OQN,EQON; FQN) = 
CB6F(CP,»ACO»BCO,CCO,0CO,ECO, 
FCO,AS0,B50,CS0,0S0,ES0,FS0)$§ 


LSI LOGIC CORP 


83/11/83 


CB7C CB7C CB7F 


CB/F > BIT BINARY UP COUNTER 
FAST, INDIVIDUAL CD SD 


NETWORK SCHEMATIC 


7 BIT BINARY UP COUNTER 
FAST» SYNC CLEAR 


NETWORK SCHEMATIC 


LOGIC DIAGRAM LOGIC OfAGRAN 


3589 335 


458) 335 


bo 
i=) 
= 
o 
ca 
= 
is! 
i 
=z 
i=] 
=) 
= 
m 
ao 
=z 


CB7F EXAMPLE 


Z( AON» BON,CON, 
DON-EQN,FON, 
GON) =CB7F(CP, 
ACO,BCO,CCO, 
OCO.-ECD.FCO, 
CCO,ASO0,.B8S0, 
CS0.0S50,€S0, 
FS0-GS50)$ 


Nog OS9 


CB7C EXAMPLE 
-Z( AQN, BON, CON, DON, EQN, FON,GON) =CB7C(CL.CP)§ 


LSI LOGIC CORP 


GATES USED = 865 03/14/83 GATES USED = $2° @3/11/83 
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CB8C 


8 BIT BINARY UP COUNTER 
FAST» SYNC CLEAR 


NETWORK SCHENATIC 


LOGIC O1AGRAMN 


3283 335 


> 
[=| 
= 
ao 
2 
=. 
c 
i=] 
= 
= 
i=] 
=z 
m 
i=] 
r 4 
bes | 
a 
t-4 
Qo 
2a 
= 


CB8C EXAMPLE 


CB8C CBSF 


093 0390 g29 098 do 


Z( AON» BON» CON, DON+EQN>FON,GON,sHON) =CBBC(CL SCP) § 


LSI LOGIC CORP 


GATES USED = 98 


8 BIT BINARY UP COUNTER 
FAST, INDIVIDUAL CD SD 


WETWORK SCHEMATIC 


CBSF 


LOGIC OLAGRAM 


3589 335 
NOG NDV 


GS3 050 059 S58 asVv 


NO3 WOO NDOQ 


NO 6959 


CB8F EXAMPLE 


Z(AQN,BON,CON, 


DON»sEQN»FON>GQON, 
HON) =CBSFCCP, 


NOH OSH 


LSI LOGIC CORP 


03/14/83 GATES USED = 187 


Chapter 18: Macrofunctions 


18-7 


ACO»BCO,CCO,OCD, 
ECD»FCO+GCO.HCO, 
ASD»8S0,CS0,0S0, 
ESD»FS0,GSD.HSOD) § 


Q3/11/83 


CB9C 9 pit BINARY UP CounTER CBSE 9 BIT BINARY UP counTeR  CBSF 


FAST» SYNC CLEAR FAST, INDIVIDUAL CD SD 
NETWORK SCHEMATIC NETWORK SCHEMATIC 
| LOGIC DL AGRAM 
LOGIC O1AGRAM 


O58 gsv 


9989 335 
NDO NDD NOG NDV 
oso 0s3 


0943 093 90 093 O98 O9V 
4889 335 


- 
i=) 
=z 
oa 
& 
=z 
o 
a 
= 
i —] 
i=] 
= 
m 
= 
= 
a] 
[=] 
= 
i>] 
i=] 
= 
= 
= 
= 


NDH NDQ NOS NDI 
O5H O59 ass 053 


Q]H 499 


CB9F EXAMPLE 


Z7(AQN,»BON,CON, DON,EQN>FON>GON-HON>I ON) =CB9F(CP, 
ACD» BCO»,CCD,OCO,ECD»FCO ,GCO,HCO,ICO, 
CBSC EXAMPLE ASD. 8S0,CS0,050,ESD,FS0,C6SD»HS0+1SD)$ 
Z( AQN» BON, CON, DON, EQN» FON,GON,HON,ION) =CB9C(CL,CP)$ 


LSI LOGIC CORP LSI LOGIC CORP 


GATES USED = 114 03/14/83 GATES USED = 123 03/11/83 
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CBIOC 9 Bit BINARY UP COUNTER 
FAST» SYNC CLEAR 


NETWORK SCWEMATIC 


N08 NOY 


3689 335 
NOJ WOI NDO NDI 


no 
i= 
= 
= 
o 
= 
i= 
= 


CBIOC EXAMPLE 
Z(AQN + BON-CON,-DQN,EQN+FON,GON, 
HON» TON, JON) =CBLOC(CL.CP)$ 


LSI LOGIC CORP 
GATES USE = 128 


LOGIC OL AGRAM 


CBIOC CBIOF 


Q2H 099 @804 893 O90 039 Q98 OV 


10 BIT BINARY UP COUNTER Ste 


FAST» INDIVIDUAL CD SD 


NETWORK SCHEMATIC LOGIC DIAGRAM 


o5@ osv 


4882 335 


NOH NOS NOS NOT ADO NDD ND& NDV 
OSH OS5 OS4 O83 OSB 5) 


CBIOF EXAMPLE 
ZCAQN.BON-CON,DQN.EQN, 
FON GON WONTON, JON) 
eCBI@FCCP.ACO,8CB, 
CCO.0CD,ECO,FCO,GCO, 
WCO.1CO.JCB8.ASD.8S0, 
CS0.8S0,-E€S0.FS0,6S0, 
4S021S0,J80)$% 


NOL Qs] 


LSI LOGIC CORP 


03/11/83 GATES WSED = 138 03/11/83 
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CB42 


4 BIT BINARY UP COUNTER, [©8542 
EXPANDABLE ENABLE SYNC CLEAR+CO 


NETWORK SCHEMATIC 


CB4l 4 prt BINARY UP CouNTER, ©84! | 
EXPANDABLE ENABLE CLEAR DIRECT 


NETWORK SCHEMATIC 


LOGIC DIAGRAM 


CB4l EXAMPLE 
Z(QA,0B,00,00,C0) =CB41(CP.C1,CO0)$ 


LSI LOGIC CORP CB42 EXAMPLE LSI LOGIC CORP 
GATES USED = 42 | 02/01/83 Z(OA,Q8,0C,00,C0) =CB42(CP+CI»CL»CO)$ 02/01/83 
GATES USED = 46 | | 
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CLAI CLAI 
CARRY LOOK AHEAD FOR 4 BIT ADDER 
(LEAST SIGNIFICANT NIBBLE) 


NETWORK SCHEMATIC 


LOGIC DIAGRAM 


CLA! EXAMPLE 
Z(C4,G60,G1)=CLAI(CO,+A0,B0,Al+Bl1,A2+B2sA35B3) $ 


LSI LOGIC CORP 
GATES USED 05/20/83 


CLA2 CLA2 
CARRY LOOK AHEAD FOR 4 BIT ADDER 


NETWORK SCHEMATIC 


CLA2 EXAMPLE 
2(60,G61,+04)=CLA2(CO,A0,B0,A1,Bl»A2+B2,+A3>B9) § 


| LSI LOGIC CORP 
CATES USED = 19 06/21/83 
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CMP 4 CMP 4 CMPR CMP ES 


8 BIT EQUALITY COMPARATOR 


4 BIT EQUALITY COMPARATOR 


NETWORK SCHEMATIC 


NETWORK SCHEMATIC LOGIC Of AGRAN 


LOGIC DIAGRAN 


a> 


o> 
mn 


TRUTH TABLE 


A6 
B6 


—) 
4 
Sj 

— 
— 
4) 
=— 
=— 


t=1 252 3=3 AEB 
i | 
) 0 


o> 
~~ 


CMPB EXAMPLE 
Z( AEB) =CMP8(A0,B0,A1,+B1+A2+B2+A3+89+A4+B4%A5»B5, 
Ab »B6+A7+B7)$ 


LSI LOGIC CORP 
GATES USED = 29 ea/ii/e3 fi 


CMP4 EXAMPLE 


| LSI LOGIC CORP 
GATES USED = 14 03/11/83 
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MODULO 3 BINARY COUNTER MODULO 4 BINARY COUNTER 
CLEAR DIRECT CLEAR DIRECT 


WETWORK SCHEMATIC NETWORK SCHEMATIC 


LOGIC DIAGRAM LOGIC DIAGRAM 


CM3B EXAMPLE CM4B EXAMPLE 


Z(OA+QAN,OB,QBN) = CM3B(CP,.CO)$ Z(QA-QAN, QB-QBN) = CM4B(CP.CD)$ 


GATES USED = 13 ere oe LSI LOGIC CORP 
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| OM4J 


MODULO 4 JOHNSON COUNTER 
CLEAR DIRECT 


NETWORK SCHEMATIC 


LOGIC O1AGRAM 


CM4J EXAMPLE 


| LSI LOGIC CORP 
GATES WSED = 12 


MODULO S BINARY COUNTER 
CLEAR DIRECT 


NETWORK SCHEMATIC 


LOGIC DIAGRAM 


CMSB EXAMPLE 


Z(QA, QAN, QB, QBN,QC,QCN) = CMSB(CP,.CD)$ 
LSI LOGIC CORP 


@3/11/83 GATES USED = 39 
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CM5SR 


MODULO 5 SHIFT COUNTER, 


CLEAR DIRECT MODULO 6 BINARY COUNTER 


CLEAR DIRECT 


NETWORK SCHEMATIC 
WETWOTK SCHEMATIC LOGIC DIAGRAM 


OUTPUT 


CMSSR EXAMPLE 
Z(QA,QAN,QB,QBN,QC,QCN) CM6B EXAMPLE 


=CMSSR(CP+CO)S Z(QA-QAN, QB, QBN, QC,QCN) = CM6B(CP,CD)$ 


LSI LOGIC CORP LSI LOGIC CORP 
03/08/83 GATES USED = 31 92/25/83 


GATES USED=19 
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CME J CM7B | CM7B 
- MODULO 6 JOHNSON COUNTER MODULO 7 BINARY COUNTER 
CLEAR DIRECT CLEAR DIRECT | 


NETWORK SCHEMATIC 


NETWORK SCHEMATIC 


LOGIC DIAGRAM 


QAN QA QBN OB 


LOGIC O1AGRAM 


OUTPUT 
QA OB Qc 


CM6J EXAMPLE 


Z(QA,QAN,QB+QBN,QC,OCN) =CM6J(CP,CO) 


§ 
I LOGIC CORP LSI LOGIC CORP 
GATES USED = 18 = 03/11/83 CM7B EXAMPLE /25/83 


02 
Z(QA,QAN,OB,QBN,OC,QCN) = CM7B(CP,CD)S GATES USED = 31 
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CMBBR CM8BR 


MODULO 8 BINARY 
RIPPLE COUNTER, CLEAR OI RECT 


CMBB | CM8B 


MODULO 8 BINARY COUNTER 
CLEAR DIRECT 


NETWORK SCHEMATIC NETWORK SCHEMATIC LOGIC O01 AGRAN 


LOGIC DI AGRAN 


CM8BR EXAMPLE 
Z(QA,08,Q0C) =CM8BR(CP,CD)§ 


LST LOGIC CORP 
GATES USED = 16. 2 03/08/83 


CMB8B EXAMPLE 
Z(QA,QAN,OB,/QBN,QC+OCN) = CMBB(CP,CD)S§ 


LSI LOGIC CORP 
GATES USED = 25 02/25/83 
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CMB J | | CMB J 


MODULO 8 JOHNSON COUNTER 
| CLEAR DIRECT 
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NETWOTK SCHEMATIC LOGIC DIAGRAM 
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OUTPUT 
GA O8 ac ao 


CM8SR EXAMPLE 
Z(QA*+QAN, QB; 0BN>QC,Q0CN) 
=CM8SR(CP.CO)$ 


CM8J EXAMPLE 
Z(QA,QAN,OB,Q8N,OC,0CN,Q0,00N) =CMBJ(CP,CO)§ 


: LSI LOGIC CORP 
GATES USED = 24 02/21/83 


LSI LOGIC CORP 
03/08/83 


GATES USED=22 
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CLEAR DIRECT 
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CMSBR EXAMPLE 
Z(QA. QB. QC, QD) =CM9BR(CP,CD)$ 


LSI LOGIC CORP 


LSI LOGIC CORP 
GATES USED = 26 83/08/83 


CM9B EXAMPLE GATES USED = 48 02/25/83 
QB, OB8N,QC,OCN,Q0,Q0N) = CMSBCCP,CO)$ 


Chapter 18: Macrofunctions 18-19 


CM9SR 


MODULO 9 SHIFT COUNTER, 
CLEAR DIRECT 


WETWOTK SCHENATIC 


CM9OSR 


LOGIC BIAGRAN 


GUTPUT 
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CN9SR EXAMPLE 
Z( OA, OAN+ OB, QBN,OC,OCN,O0,Q0N) 
=CMSSR(CPeCO)S 


03/10/83 
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MODULO 10 BINARY COUNTER 
CLEAR DIRECT 


NETWORK SCHEMATIC 


LOGIC DIAGRAM 


LSI LOGIC CORP 
CM10B EXAMPLE GATES USED = 41 02/25/83 


Z7(QA,OAN» OB, OBN,OC,OCN,00,00N) = CMIOB(CP,CO)§ 
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CMIOBR CM10BR | CM1OJ 
MODULO 10 BINARY MODULO 10 JOHNSON COUNTER 
RIPPLE COUNTER» CLEAR DIRECT CLEAR DIRECT 
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OA QB ac an a ae ae . 7 ; . 
1] 0 0 0 


: CM10J EXAMPLE 
senAdOA Aes ance Minn EEESROVR | Z(QA,QAN, OB, QBN, OC, QCN, OD Q0N+QE>OQEN) =CMI10J(CP+CD)$ 


LSI LOGIC CORP LSI LOGIC CORP 
GATES USED = 27 03/08/83 GATES USED = 30 02/21/83 
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MODULO 11 BINARY COUNTER 
CLEAR DIRECT 


NETWORK SCHEMATIC 
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CMLOSR EXAMPLE 
Z(QA,QAN, OB, QBN, OC-OQCN,O0-Q0N) 
=CMIOSA(CP,CO)$ 


GATES USED = 31 LSILOGICCORP 


03/11/83 


LSI LOGIC CORP 
CM11B EXAMPLE GATES USED = 41 82/25/83 
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CM11BR CM11BR 


MODULO 11 BINARY 
RIPPLE COUNTER» CLEAR DIRECT 


NETWORK SCHEMATIC 
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MODULO 12 BINARY COUNTER 
CLEAR DIRECT 


NETWORK SCHEMATIC 


LOGIC OI AGRAN 


LOGIC Of AGRAM 


OUTPUT 
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CM11BR EXAMPLE 
Z(QA,0B,0C,Q00) =CMIIBRCCP,CO) $ 


GATES USED = 27 63/68/83 


LSI LOGIC CORP 
CM12B EXAMPLE GATES USED = 42 02/25/83 


Z{(QA,QAN, OB QBN, QC,OCN,O0,Q0N) = CMI2B(CP.CO)$ a 
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CMi2BR EXAMPLE . | 
Z(QA»0B,0C,00) =CM12BR(CP,CO)§$ 


LSI LOGIC CORP 
GATES USED = 27 03/08/83 


CM12J EXAMPLE LSI LOGIC CORP 
Z( QA, OAN»+OB,Q0BN50C,QCN+Q0,Q0N,+O0E>QEN> OF pOFN) 02/21/83 
=CMI2J(CP,CD)$ GATES USEN=36 | 
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CM12SR CM13B 
CM12S5R wonuto 12 SHIFT COUNTER; CMI3B YT nuio 13 BINARY COUNTER 
CLEAR DIRECT CLEAR DIRECT 
NETWORK SCHENATIC 
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CMi2SR EXAMPLE 
Z(QA,QAN,08-,QBN-O0C/QCN,Q0,-Q0N) 
=CMI2SR(CP,CO) S$ 


GATES USED = 29 LSI LOGIC CORP re dacee LSI LOGIC CORP 


CM13B EXAMPLE GATES USED = 41 03/14/83 
Z(QA-QAN;08-Q8N-O0C,0CN-00 
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CMi3BR | CML3BR 


MODULO 13 BINARY 
RIPPLE COUNTER» CLEAR DIRECT 


WETWORK SCHEMATIC 
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OUTPUT 
OA QB OC 4Q0 
6 oO oO 20 


3p NID 


fo Wa0 

“| 

ff hee 

Bh Reeemiaees fi aa 


7 


CHI3BR EXANPLE 
Z(QA+0B+ OC, OD) =CN13BR(CP»CD)$ 
LSI LOGIC CORP 


LSI LOGIC CORP 
M14B EXAMPLE GATES USED = 42 06/21/83 


GATES USED © 27 CM1 
Z(QAsOAN+OBsOBN,OC+OCN-Q0,00N) = (CMI4A(CP,CD)$ 


03/08/83 
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CM14BR 


RIPPLE COUNTER, 


CM14BR CM14J 


MODULO 14 BINARY 


NETWORK SCHEMATIC 


CMI4BR EXAMPLE 


CLEAR DIRECT 


MODULD 14 JOHNSON COUNTER, 


CLEAR DIRECT 


LOGIC DIAGRAM NETWOTK SCHEMATIC 
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QA 


QUTPUT 
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ao 0 0 
pt ot 8 OT 
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Z2(0A+08+Q0C,Q0) =CM14BAR( CP.CD)§ 


GATES USED = 27 


CM14J EXAMPLE 


03/08/83 Z(QA,QAN,Q8,08N,0C,QCN,O0-Q0N,OE,QEN,OF,OFN, 
GATE 


LOIHTO WVITD ALIA 
HILSIOSH LITHS LIB Z 


LSI LOGIC CORP 


QC, O6N)=CM14J(CP,CO)§ 
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LOGIC DIAGRAN 


CM14J 
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5 USED=42 


CMISBR MODULO 15 CMLSBR 
BINARY RIPPLE COUNTER, CLEAR DIRECT 


NETWOTK SCHEMATIC me 
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CMISBR EXAMPLE 
Z(OA,08,0C,00) =CMISBR(CP+CD)$ 
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CMISB EXAMPLE 
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CMI6B CMIGBR MODULO 16 CMI6BR 


MODULO 16 BINARY COUNTER 
CLEAR DIRECT BINARY RIPPLE COUNTER, CLEAR DIRECT 


NETWORK SCHENATIC 


LOGIC DIAGRAM 
NETWOTK SCHEMATIC aera md 


LOGIC DIAGRAN 


CMi6BR EXAMPLE 
ZCQA. OB, QC, QD)=CM1I6BR(CP.CD)$ 


LSI LOGIC CORP LSI LOGIC CORP 
CML6B EXAMPLE — GATES USED = 35 02/25/83 63/10/83 


Z(QOA,QAN, O08, OBN,OCQCN, OD ODN) = CMIGB(CP,CD)$ erie Weebee! 
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CMi6J EXAMPLE LSI LOGIC CORP : . 
Z(QA,QAN+ OB OBN>OC,OCN+O0,Q0N,Q0E-QEN-OF SOFN, 03714788 
OG» 0GN,QH,QHN) =CMibBJ(CP,CO)§ GATES USED=48 


LSI LOGIC CORP 
CMI17B EXAMPLE GATES USED = SI 02/25/83 


Z(QA,QAN+08,QBN,OC,QCN,Q0,Q0N,QE,0EN) = CMI7B(CP,.COD)$ 
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BINARY RIPPLE COUNTER, CLEAR DIRECT BINARY RIPPLE COUNTER» CLEAR DIRECT 
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CM17B8R EXAMPLE CMIG8GR EXAMPLE 
Z(QA,08,0C,00-0E) =CM!17BA(CP,CO)$ Z(Q0A,08,0C+00,Q0E)=CMI8BR(CP.CD)§ 


03/10/83 | ia taal 03/10/83 
GATES USED=31 GATES USED=32 | 
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CMISBR MODULD 13 CMI9BR CM20BR MODULO 20 | CM20BR 
BINARY RIPPLE COUNTER, CLEAR DIRECT BINARY RIPPLE COUNTER, CLEAR DIRECT 


Oo NETWORK SCHEMATIC 2 _ NETWORK SCHEMATIC 
SOGLEATAGRAN 


OUTPUT 
OA O08 OC Q0 QE 
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CM19BR EXAMPLE , CM20BR EXAMPLE 
Z(0A,08-0C,00,QE)=CMISBR(CP,CD) § 7(0A-08,0C,00-QE) =CM20BR(CP.CD)$ 


LSI LOGIC CORP 
03/10/83 03/10/83 
GATES USED=32 GATES USED=32 | 
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CM21BR EXAMPLE | CM22BR EXAMPLE 
7(O0A,0B,+0C,Q0+-QE) =CN21BR(CP,+CD)$ |} 2(0A,08,0C,00,0E)=CM22BR(CP.CO)$ 
} LSI LOGIC CORP 


LSI LOGIC CORP 
05/10/83 
GATES USED=32 GATES USED=32 
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LOGIC DIAGRAN 


63/18/83 


CM23BR MODULO 23 CM23BR 
BINARY RIPPLE COUNTER, CLEAR DIRECT 


22 NETWORK SCHEMATIC 
LOGIC DIAGRAM 


OUTPUT 
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CM23BR EXAMPLE 
Z(QA,08-0C,00.0E)=CM23BR(CP,CO)$ 


63/10/83 


GATES USED=32 | 
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BINARY RIPPLE COUNTER» CLEAR DIRECT 


an NETWORK SCHEMATIC 
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OUTPUT 
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CM24BR EXAMPLE 
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BINARY RIPPLE COUNTER, CLEAR DIRECT 
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LOGIC DIAGRAM 


OUTPUT 
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CM25BR EXAMPLE 
7(QA,0B,0C,00,Q0£) =CM25BR(CP,.CD) $ 


LSI LOGIC CORP 
03/11/83 
GATES USED=32 
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22 NETWORK SCHEMATIC 


LOGIC O1AGRAM 


OUTPUT 
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CM26BR EXAMPLE 
Z2(0A,0B8-0C,00,QE&) =CM2GBR(CP.CD)§ 


LSI LOGIC CORP 
03/11/83 


GATES USED=32 
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7 CM27BR EXAMPLE 
Z(QA,QB,0C+00,+QE)=CM27BR(CP,CO) S$ 


LSI LOGIC CORP | 
03/11/83 
GATES USED=32 
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CM28BR EXAMPLE 
Z7(0A,QB-0C,00,QE)=CM2B8BR(CP,CO) S$ 


LSI LOGIC CORP 
03/11/83 
: GATES USED=33 
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CM23BR MODULO 29 
BINARY RIPPLE COUNTER: 


22 NETWORK SCHEMATIC 


CM2S9BR EXAMPLE 
Z(QA.08,0C,00,QE)=CM29BR(CP.CO) S$ 


LSI LOGIC CORP 
GATES USED= 32 


CM29BR 
CLEAR DIRECT 


LOGIC O1AGRAMN 


OUTPUT 
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03/11/83 
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CLEAR DIRECT 
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aa NETWORK SCHEMATIC 
LOGIC OL AGRAN 


OUTPUT 
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CM30BR EXAMPLE | 
Z(Q0A,08,0C,00,QE) =CM30BR(CP,CO)$ 


LSI LOGIC CORP 
| 03/11/83 
GATES USED=33 
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CP CPG2 CPG2 
TWO PHASE CLOCK GENERATOR, TWO PHASE CLOCK GENERATOR, 


UNBUFFERED» HI UNDERLAP LO DRIVE UNBUFFERED» LO UNDERLAP LO ORIVE 


LOGIC O1AGRAM LOGIC O1AGRAN 


NETWORK SCHENATIC NETWORK SCHEMATIC 


CPG! EXAMPLE CPG2 EXAMPLE 
Z(CP CPN) =CPG1(A)§ Z(CP+CPN)=CPG2C( A) § 


LST LOGIC CORP LSI LOGIC CORP 
GATES WSEB = 7 13/01/83 GATES USED = 7 13/11/83 
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LOGIC O01 AGRAN 


NETWORK SCHENATIC 


CPG3 EXAMPLE 
Z(CPR+CPN) =CPGIC A) S$ 


| | LSI LOGIC CORP : 
GATES USED = 9 | 


ORIVE 
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TWO PHASE CLOCK GENERATOR,» 
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LOGIC D1 AGRAM 


NETWORK SCHEMATIC 


CPG4 EXAMPLE 
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LSI LOGIC CORP 


13/11/83 GATES USED = § 
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CUO042 EXAMPLE LSI LOGIC CORP 
Z(QA,0B-0C,00,CON) = CUD42 Fs 03/11/83 
CAsBeCoDeLoChL»CPsPN>TNoUP) § prea en he 
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C26 | C26 | 
MODULO 4 GRAY COUNTER MODULO 8 GRAY COUNTER 


CLEAR DIRECT (SAME AS CM4J) | CLEAR DIRECT 


NETWORK SCHEMATIC NETWORK SCHEMATIC 


LOGIC BO1AGRAN 
GAN OA OBN OB aca ac 


LOGIC O01 AGRAN 


C2G EXAMPLE C3G EXAMPLE 
Z(QA,OAN,0B,Q0BN) = C2C(CP,CO)§$ Z(QA,QAN,OB,OBN,OC,QCN) =CIC(CP,CD) S$ 


. . LSI LOGIC CORP 
GATES WSED = 12 03/06/83 GATES USEB = 27 03/06/83 
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C4C MODULO 16 GRAY COUNTER C4G 


CLEAR DIRECT» PRESCALED 


NETWORK SCHEMATIC 


LOGIC O1AGRAN 


C46 EXAMPLE LSI LOGIC CORP 
Z(OA-08,0C,00)=C46(CP,.CO)§ GATES USED = 52 


65/18/83 
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CSG MODULD 32 GRAY COUNTER C5G CSG MODULO 32 GRAY COUNTER C5G 
CLEAR DIRECT, PRESCALED | CLEAR DIRECT, PRESCALED 


LOGIC D1 AGRAM 


NETWORK SCHEMATIC PART II 
NETWORK SCHEMATIC Se ee 


C5G EXAMPLE LSI LOGIC CORP rere a C5G EXAMPLE LSI LOGIC CORP seas 
Z(Q0A+:0B;0C,00,Q0E) =C56(CP,CO)$ GATES USED = 64 Z(QA,QB,0C,O0,Q0E)=CSG(CP,CO)S$ GATES USED = 64 
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CEG MODULO 64 GRAY COUNTER CbG C6G MODULO 64 GRAY COUNTER Cb6G 
CLEAR DIRECT» PRESCALED CLEAR DIRECT» PRESCALED 


LOGIC D1 AGRAM 


NETWORK SCHEMATIC PART I - NETWORK SCHEMATIC PART II 


LSI LOGIC CORP LSI LOGIC CORP 
C6G EXAMPLE ree ChG EXAMPLE : 


Z(QA,0B8-0C,00,QE+-QF)=CBG(CP,CO)$ GATES USED = 88 7(Q0A,08,0C,00,Q06,0F) =<C6G(CP,CO) § GATES USED = 8 


06/21/83 
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C76 MODULO 128 GRAY COUNTER C76 C76 MODULO 128 GRAY COUNTER C76 
| CLEAR DIRECT» PRESCALED CLEAR DIRECT, PRESCALED 


LOGIC DIAGRAM 


NETWORK SCHEMATIC PART II 
NETWORK SCHEMATIC PART I ee 


C7G EXAMPLE C7G EXAMPLE 
Z(QA,0B>0C,00,Q0E+0F,QG) =C7G6(CP,CD)$ 7(Q0A-08,0C,00-0£,0F,06)=C7G(CP,CO)§ 


LSI LOGIC CORP LSI LOGIC CORP 
GATES USED = 100 05/18/83 GATES USED = 100 05/18/83 
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C8G MODULO 256 GRAY COUNTER 
CLEAR DIRECT, PRESCALEO 


NETWORK SCHEMATIC PART J] 


QA OB 
C8G EXAMPLE 
Z(QA,QB,0C,00,06,0F+,0G,QH) =C8G(CP,CO)$ 
LSI LOGIC CORP 


GATES USED = [14 


LOGIC D1 AGRAM 


C8G MODULO 256 GRAY COUNTER 
CLEAR DIRECT» PRESCALED 


C&G 


NETWORK SCHEMATIC PART I] 


C8G EXAMPLE 
Z(QA,0B,0C-00,0EF+0F-0G,QH) =C8G(CP,CD)$ 


LSI LOGIC CORP 


05/18/83 GATES USED = 114 
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05/18/83 
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C4LSR 4 Bit, MODULO 15, LINEAR 
FEEDBACK SHIFT REGISTER 


C3LSR_ 


3 BIT» MODULO 7+ LINEAR 
FEEDBACK SHIFT REGISTER 


NETWOTK SCHEMATIC LOGIC OL AGRAN 
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D3I8GL EXAMPLE 
ZCZOeZleZ2e2Z3924,252726927) = DIGGLCAsBeCrG) § 


D38GH EXAMPLE 
Z(Z0eZleZ2eZ39e724eZ25e26e727) = DIBGH( AB, CeGN) S$ 


LSI LOGIC CORP 


LSI LOGIC CORP 


03/11783 


GATES USED 


02/04/83 


GATES USED = 19 
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0384 038H D38L | —o038L 
3 TO 4 DECODER,OUTPUTS 3 TO 8 DECODER-OUTPUTS 


ACTIVE HI | ACTIVE LO 


NETWORK SCHEMATIC NETWORK SCHEMATIC 


LOGIC DIAGRAN | LOGIC Of AGRAM 


weasel Y 


TRUTH TABLE | | ‘ TRUTH TABLE 
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D38H EXAMPLE O38L EXAMPLE 
ZCZOeZLo22523,24.25+26027) = DIBHC ABC) S Z(ZOsZioZ2eZ3eZ4eZ5026027) = DISLCADBOC)S 


LSI LOGIC CORP 
GATES USED = 19 7 04/18/84 i eral 02/04/83 
| | fi sGATES uSeo = 19 
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4 T0 10 DECODER OUTPUTS 


4 70 10 DECODER OUTPUTS 


ACTIVE LO 


NETWORK SCHEMATIC 


ACTIVE HI 


NETWORK SCHEMATIC 


LOGIC OLAGRAM 


LOGIC O01 AGRAM 


( \ 


TRUTH TABLE 


TRUTH TABLE 
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D4i10L EXAMPLE 


0410H EXAMPLE 


YCZO ZL 522.23 524525026 27 282729} 


= D410L( A+B, C.D)$ 


YC ZOoZ1e2Z25Z3 224525 526527 1278 229) 


D¢41OHCA+B,C.0)S 


LSI LOGIC CORP 


LSI LOGIC CORP 


03/11/83 


GATES USED 


02/23/83 


GATES USED = 24 
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FULL ADDER 1 | 2 BIT BINARY FULL ADDER 
(SAME AS M82C) 


LOGIC DIAGRAM 
ies bela vised abies ieee: TRUTH TABLE 
LOGIC DIAGRAM 


CO AB BB AL Bl 
FARE 
38 $1 Ce 


8 @ 
1 4 
@ 1 
1 1 
6 1 
1 1 
@ @ 
1 @ 
@ @ 
i @ 
@ 1 
1 1 


TRUTH TABLE 


=e 2 - 2 
=e Re & & 
eee SKS S 
weer ee SAS 


FAL EXAMPLE 
FAG EXAMPLE 


Z(S-CO) = FAI(CI-A. BS Z($@,S1.C2) -FA2(CO,AG, BO. A1-B1) 


GATES USED = 10 7 
WORKSTATION WC. DELAY _ LST LOGIC CORP caper WORKSTATION WC. DELAY LSI LOGIC CORP GATES USED ae 


CRISE/FALL) DAISY o MENTOR = / VALID = CRISE/FALL) DAISY o MENTOR = / VALID = 
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BIT FAST ADDER 


LOGIC DIAGRAM 
AND 


NETWORK SCHEMATIC 


NETWORK SCHEMATIC 
=... FAI6 EXAMPLE 


Z(50+51+52%93154+155%56 257158 »S5955105S5112512+513+514» 
FA4 EXAMPLE §15,C16)=FAI6(CO»,A0+,BO+Al»B1+A2sB2+5A3+B35A4+B42A5+B5» 
2(S0,$1,S2, Sa, C4, P39) <FA4 (CO. AG, BY,GO.A1,B1, Ab»Bb»A7+B7sA8sB8*sA9sB9+AID,BIOsAL1+,BllyvAl2s,Bl2y 
G1.A2,.B2.AG. BI)$ Al3»+B13+A14+B14,5A15,B15)§ 


LSI LOGIC CORP LSI LOGIC CORP 
GATES USED = 44 §6/21/83 GATES USED = 248 09/02/83 
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2 BIT BINARY 2°S COMPLEMENT FULL ADDER (A+B) HALF ADDER 
SUBTRACTOR (A-B). SIMILAR TO FA@ EXCEPT SUB | 


INVERTS BO AND Bi AND SUBVERTS THE MEANING 
OF CARRY TO NO BORROW. 


LOGIC DIAGRAM 


TRUTH TABLE ELECTRICAL SCHEMATIC LOGIC Of AGRAN 
CO AG BO Al Bl SUB | S@ Si Ce 


CO AGB BO AL Bl SUB Ci] SEE FA2 
FASE CO AS BG Al Bi SUB | S$@ Si Ce 
$9 81 Ce i SEE Fae 


NETWORK SCHEMATIC 


TRUTH TABLE 


HAL EXAMPLE 
Z(S»+CO) =HAI( AvB) § 
FAS@ EXAMPLE 


Z(S@.S1,.C2) =FASE(CO.AG. BG.A1.B1,SUB)$ 


WORKSTATION WC. DELAY LSI LOGIC CORP GATES USED Ese | LSI LOGIC CORP ere 
CRISE/FALL) DAISY o MENTOR = / VALID = GATES USED = 5 | 
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4 BIT DATA LATCH DATA LATCH 


NETWORK SCHEMATIC 


NETWORK SCHEMATIC 
LOGIC O1AGRAM 


LOGIC O1AGRAM 


L@ EXAMPLE 
L4 EXAMPLE Z(QA,Q0AN,0B,Q0BN,0C,+QCN,00,Q00N,0E,0EN,Q0F,QFN,QC,QGN, 


Z(QA,QAN,0B,OBN,OC,OCN,O0,Q0N) =L4(A,B-C+O+,L)$ QH»QHN)=LA(Ay»BsCyDvsEsFrGeHsLl) §$ 


LSI LOGIC CORP LSI LOGIC CORP 
GATES USED = 12 02/01/83 GATES USED = 24 02/01/83 
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MAG2 ”) BIT | MAG2 
EXTENDABLE MAGNITUDE COMPARITOR 
(SIMILAR TO 1/2 SN7485) 


LOGIC OLAGRAM 


NETWORK SCHEMATIC 


ALBI AEB! AGBI 


MAG2 EXAMPLE 
Z(AGB+AEByALB) = MAG2 
(AGBI,AEBI»ALBI>Al+B1,A0,B0)$ 


LSI] LOGIC CORP 
GATES USED = 22 02/02/83 


ec BIT 


MAGNITUDE COMPARATOR 


MAGEH EXAMPLE 
Z(AGB,-AEB-ALB) = MAGCH 


GATES USED = 17 
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= LOGIC DIAGRAM 


CAl.B1.AG.BO)S 
LSI LOGIC CORP 


18-72 


NETWORK SCHEMATIC 


07/83/84 


MAG4 


MAG4 


4 BIT MAGNITUDE COMPARATOR 
EXPANDABLE (SAME AS M85C OR SN7485) 


NETWORK SCHEMATIC 


ALBI AEBI AGBI 
LOGIC O1 AGRAM 


ALB AEB AGB 


MAG4 EXAMPLE 
Z( AGB, AEB+ ALB+) =MAG4({ AGBI »AEBI + ALBI > A9+B39+A2+B2» 
Al»B1,A0,+B0)$ 


LSI LOGIC CORP 


GATES USED = 44 62/21/83 


MR 41 


4 BIT REGISTER WITH 
2 BIT MULTIPLEXED INPUTS 


NETWORK SCHEMATIC LOGIC DI AGRAN 


MR41 EXAMPLE 


ZCQAsQAN;OB>QBN»sQC+QCN,O0+Q0N) = MR41 
(DOA-DIA-D0B-DI1B,DOC-DIC,000,010+5,CP)$ 


LSI LOGIC CORP 


GATES USED = 29 02/02/83 
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4 BIT REGISTER WITH 2 BIT MR43 
MULTIPLEXED INPUTS» SYNC CLEAR 


MR42 — 4 BIT REGISTER WITH  MR42 MR43 


2 BIT MULTIPLEXED INPUTS» CLEAR DIRECT 


LOGIC OLAGRAN 


NETWORK SCHEMATIC 


NETWORK SCHENATIC LOGIC BI AGRAN 


DOA = DOA Pod 
eas > a es Se et 
z ie a“ ie ere 
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[me | 

[ a | 
e 
[om J 

- 

{ rar | 
ae — 
~zA 
oO 
= 


=> 


MR42 EXAMPLE 


Z(QAsQAN+Q8+sQBN+OC+OCN,+Q0,Q0N) = MR42 
(DOA,-DIA,O0B-DIB-O0C,0IC,000,010,5,CP,CD)$ 


LSI LOGIC CORP 
GATES USED. = 33 ? 02/02/83 
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MR43 EXAMPLE 


Z(QOA,-QAN,0B,-08N,0C,0CN,00,Q0N) = MR43 
(DOA, D1A,D0B8,018,D00C,D1C,000,010+SsCLR»CP)$ 


LSI LOGIC CORP 
GATES USED = 31 | 02/02/83 


MR44 4 BIT REGISTER WITH 2 BIT MR44 8 BIT REGISTER MRB1 
MULTIPLEXED INPUTS, SYNC CLEAR CO WITH 2 BIT MULTIPLEXED INPUTS 


NETWORK SCHEMATIC 
NETWORK SCHEMATIC LOGIC DIAGRAM LOGIC DLAGRAN 


MR81 EXAMPLE 


MR44 EXAMPLE Z(QA,QAN,08,08N,0C,OCN,O0,Q00N,Q6,QEN>QF,+QFN,OG;QGN; 
Z(Q0A,QAN,OB>QBN;yOC;sQCN,Q0+O0N) = MR44 QH,»QHN) =MRBI(DOA,01A,00B,01B,D0C,D1C,DOD-D10, 
CDDADIA,D0B, 018, DOC O1C+000,010+S+CLR»CPyCD)$ DOE,DIE,DOF,DIFsO0C+DIGsO0H»DIH»S»CP)$ 


LSI LOGIC CORP LSI LOGIC CORP 
GATES USED = 35 02/02/83 GATES USED = 57 05/12/83 
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MR82 § BIT REGISTER WITH 2 BIT MR82 MUX22H MUX22H 
MULTIPLEXED UNITS, CLEAR DIRECT DUAL 2 BIT NON INVERTING MUX 


NETWORK SCHEMATIC 
7 —— LOGIC DIAGRAN LOGIC BIAGRAK 


TRUTH TABLE 


Eo 


ELECTRICAL SCHEWATIC 


MRH2 EXAMPLE 


Z(QA,QAN,+08,Q8N,Q0C>0CN,O0,Q00N,QE,QEN,OF+OFN>QG,Q6N> 
QH»OHN) =MR82(DOA,01AsD0B8,01B,00C,01C,000,010, MUX22H EXAMPLE 
DOEsDIE+DOF+sDIF,00G,01G,D0H+D1H.S,»CP,CO)$ : ¥(Z0+Z1) =MUX22H(000,010;001+D11eA)8 


LSI LOGIC CORP 


GATES USED = 65 05/12/83 GATES USED = 7 03/14/83 
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MUX24H MUX24H MUX24L MUX24L 
QUAD 2 BIT NON INVERTING MUX QUAD 2 BIT INVERTING MUX 


LOGIC O1AGRAN 


LOGIC DIAGRAM 


TRUTH TABLE 


[a [ac 


ELECTRICAL SCHEMATIC NETWORK SCHEMATIC 


MUX24H EXAMPLE 
Y(Z0.21+225239)=MUX24H( 000,010; MUX24L EXAMPLE 
»001,011,-002,012,003,013,A)$ Z( 20+ Z1,22723)=MUX24L(000.010 001 Di!,002-012,003D13,A)$ 


LSI LOGIC CORP LSI LOGIC CORP 
GATES USED = 13 03/14/83 GATES USED = 9 02/04/83 
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MUX3IL 


MUXIIH MUX3I1H 
3 BIT NON INVERTING MUX 


3 BIT INVERTING 


LOGIC OLAGRAM 
LOGIC DIAGRAM TRUTH TABLE 


ELECTRICAL SCHEMATIC 


ELECTRICAL SCHEMATIC 


MUX31L EXAMPLE 
MUX31L (00-D1+02,A,B)$ 
LSI LOGIC CORP . | 


MUX31H EXAMPLE 
= MUXIIH (00-D1+02,5A,B)$ 


_ LSI LOGIC CORP 


GATES USED = 7 03/04/83 04/11/83 


GATES USED = 
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MUX32H MUX32H § MUX 34H MUX34H 
DUAL 3 BIT NON INVERTING MUX QUAD 3 BIT NON INVERTING MUX 


LOGIC DIAGRAM 
TRUTH TABLE ELECTRICAL SCHEMATIC LOGIC DIAGRAM 


ELECTRICAL SCHEMATIC 


MUX34H EXAMPLE 


MUX32H EXAMPLE Y(Z0+Z1522 523) =MUX34H(000,010,020,001:011,021, 


LSI LOGIC CORP 
GATES USED = 12 03/14/83 GATES USED = 22 05/11/83 
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MUX41GH | MUX41GH MUX41H MUX 4TH 
4 BIT NON INVERTING MUX» GATED 4 BIT NON INVERTING NUX 


LOGIC DIAGRAM 


LOGIC O1AGRAMN TRUTH TABLE 


MUX41GH EXAMPLE 
Z(Z) = MUX41GH(00,01,02-03,A,B+G)§ MUX41H EXAMPLE 
MUX41H (00.01,02+03,A,.B)$ 
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MUX41L MUX42H MUX42H 
4 BIT INVERTING MUX DUAL 4 BIT NON INVERTING MUX 


LOGIC DLIAGRAN LOGIC Of AGRAN 
TRUTH TABLE NUX42H 
00 


zo 
Zi 
ELECTRICAL SCHEMATIC 


ELECTRICAL SCHEMATIC 


MUX41L EXAMPLE MUX42H EXAMPLE 
MUX4I1L (00-01,02,03+A,B)$ P Y¥(Z05Z1) =MUX42H(000,0105,020+030,001 Dil», O21 +D031+A,B)S 


LSI LOGIC CORP LSI LOGIC CORP 
GATES USED 01/17/83 GATES USED = 14 03/14/83 


Chapter 18: Macrofunctions | 18-81 


MUX44H MUX4 4H MUXSIH MUXSIH 
QUAD 4 BIT NON INVERTING MUX | 5 BIT NON INVERTING MUX 


ELECTRICAL SCHEMATIC LOGIC DIAGRAM LOGIC DIAGRAM TRUTH TABLE 


-_— oo - S&S - S&S = 2 
=a ew OS = = & & 
le ee 2 — oe — | 


oo 


SH 


o> 
>— 


| MUX44H EXAMPLE 
Y¥(Z0,Z1+522523) =MUX44H(000,0105020,030.001,011,021,031, MUXSIWH EXAMPLE 
D02.012,022.032,003,013,023,033,A,B)$ MUXSIH (00.01.02.03.04+As8,C)$ 


LSI LOGIC CORP LSI LOGEC CORP | 
GATES USED = 26 6/21/83 Bf GATES USED = 11 03/04/83 
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MUXSIL 


MUX52H MUX5S2H 
DUAL 5 BIT NON INVERTING MUX 


9 BIT INVERTING MUX 


LOGIC DL AGRAN 
NETWORK SCHEMATIC LOGIC Of AGRAM 


MUX52H 


0 
I 
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l 
0 
l 
0 
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MUXSIL EXAMPLE 
= MUXSIL (00.01+02+03+04+AyBrC) $ 


LSI LOGIC CORP 
10,020,030,040,001,011, 05/15/83 
GATES USED = 19 
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MUX54H QUAD MUX54H 


9 BIT NON INVERTING MUX 


NETWORK SCHEMATIC LOGIC DIAGRAN 


MUXG1H — MUX614H 
6 BIT NON INVERTING MUX 


LOGIC 01 AGRAM 


TRUTH TABLE 
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mee SF Ome = SS 
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ELECTRICAL SCHEMATIC 


> 
a 
Nn 


aye 


=e ap 
| | 
| | 
| | 
| | 


I 


i es re 


él 


ee ea 


MUX5S4H EXAMPLE 


Y(ZO+Z1.Z2+Z3) =MUXS4H(D00,DL0,020,030+040,D01, 
011.021,031 0041 .002,012+022,032+042+003,013, NUXGIH EXAMPLE 
023,033,043,A,»8-CL) $ MUXG61H (0DO.-01+02,03,04,.05,A,B;,C) $ 


LSI LOGIC CORP ' 
: GATES USED = 35 05/12/83 
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GATES USED = 12 03/04/83 


MUX62H DUAL MUX62H MUX61L MUX61L 
6 BIT NON INVERTING MUX 6 BIT INVERTING MUX 


LOGIC DIAGRAM 
NETWORK SCHEMATIC 


0 
| 
0 
| 
0 
l 
0 
| 


UXB2H EXAMPLE 


010,020,030,040,050, MUX61L EXAMPLE 
7051 ’ A+B;,C) $ Z = MUX61L (DG. D1, D2. D3, 04, D5,A,B.C)$ 


LSI LOGIC CORP LSI LOGIC CORP 
GATES USED = 21 06/21/83 G2/21/83 
GATES USED = 14 
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MUX64H QUAD MUX64H MUX71H MUX71H 
6 BIT NON INVERTING MUX 7 BIT NON INVERTING MUX 


NETWORK SCHEMATIC LOGIC DIAGRAM 
Oo TRUTH TABLE 


oe en ee — ee —  — 2 — | 
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Ee 
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D32 >— 
D42 


D52 Bb H TRUTH TABLE 


amt 


eee ee OE 
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MUXG4H EXAMPLE 

0,Z1+22+23) =MUX64H( 000,010 +020 

10210031 0041051 +002+D12,0225 MUX7IH EXAMPLE 
3,023,033,043;:053,A,B+C) $ MUX7I1H (0001,02,03.04,05,06,A,B,C)$ 


LSI LOGIC CORP LSI LOGIC CORP 
GATES USED = 39 05/15/83 GATES USED = 13 03/08/83 


(Z 
Di 
D1 
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MUX71L MUX7IL MUX72H DUAL 
INVERTING 7 BIT NON INVERTING MUX 


LOGIC O1AGRAM 


NETWORK SCHEMATIC 


MUX72H EXAMPLE 


i] 
0 
| 
I 
0 
0 
| 
| 


MUX72H 


MUX71L EXAMPLE 000-010,020-030,040,050,060, 


= MUX7IL (00,01,02,03,04,05,06,A,B-C)$ PD41,051+DGlsArB+C)$ 


LSI LOGIC CORP LSI LOGIC CORP 
GATES USED = 16 05/11/83 GATES USED = 23 
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06/21/83 


QUAD 


MUX81H M 
7 BIT NON INVERTING MUX 


MUX8 1H MUX74H UX7 4H 


8 BIT NON INVERTING MUX 


LOGIC DIAGRAM 
TRUTH TABLE 
MUX81H 


Wm he Be SF —- 
err seenre. & S&S 
oe wee GS] SH GS WM 


ELECTRICAL SCHEMATIC 
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c MUX74H EXAMPLE 

¥CZ0,Z1522023) =MUX74H(0005010,020,030,040,050,060; 
DOl,011,021+50315041,051,061,002,012,022,0325042,052, 
062,0035013,023+0335043+053,063,A,B+C)$ 


— ae SS = SF ee ES 
—_—_e OO - =—- & & 
le oe  — Se — ee — De | 
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MUX81H EXAMPLE 
z= MUX81H (DO, D1. De, 03, D4. D5. D6.D7.A.B.C)$ 


wi 


aa 1 ee 


GATES USED = 14 


LSI LOGIC CORP 


9/84 Version 


07/85/84 GATES USED = 47 
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LSI LOGIC CORP 


06/21/83 


MUXB84H 


[oom BE com Foner fee fc f was Jl con | ome | 
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VITAL 


me 
see 


™ OI Cr & GS A= cS 
RS PGORSRS PRS RRS 


INN 


NO oF & GORG=c 


oaopy> BOoaTaoITIoSs 


GATES USED 


QUAD 8 BIT 
NON-INVERTING MUX 


NETWORK SCHEMATIC 
AND 
LOGIC OLAGRAM 


Z0 


MUX84H 


2 Z3 MUX84H EXAMPLE 
l Y (Z05Z1522523) =MUX84H 
| (000.010,020,030.040,050; 
0605070,001,0t1+021,031, 
D41+051+061+071.002,012.022,032, 
042+052,0622072,003-013»023,033, 
0435053,063+073:Ay+BsC»)$ 


LSI LOGIC CORP 
52 05/12/83 


9/84 Version 


MUX82H 
DUAL 8 BIT NON 


GATES USED = 
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NETWORK SCHEMATIC 


MUX82H 
INVERTING MUX 


LOGIC DLAGRAN 


MUX82H 


10 
01 
D2 
D3 
04 
05 
D6 


o 
™“ 


IL 


AMPLE 
(000-010,0205030,040,050,060-070, 


31,5041,051-D61,071+A,B,C)§ 


LSI LOGIC CORP 
05/11/83 


BIT BINARY FULL ADDER M®&2C 
(SAME AS FA2) 


LOGIC DL AGRAN 


M42C 4 T0 10 DECODER 


LOGIC O1AGRAM 


CO AQ BO 
w82C 
Sl 


Al Bi 


$0 C2 


NETWORK SCHEMATIC 


>< 


M82C EXAMPLE 
Z2(S0+51,C2) = M82C(CO,A0,B0,Al,+B1)$ 


M42C EXAMPLE 
YC ZO0eZ1522523992452Z5 526527528529) =M420( AsB»C+D) §$ 


LSI LOGIC CORP 


LSI LOGIC CORP 


02/10/83 02/15/83 


GATES USED = 22. 


GATES USED = 20 
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M8SC 


4 BIT MAGNITUDE COMPARITOR 


EXPANDABLE (SIMILIAR TO MAG4 OR SN7485) 


NETWORK SCHENATIC 


ALBI AEBI AGB. 


AOGIC DIAGRAM 


ALB AEB AGB 


M85C EXAMPLE 
ZCAGB. AEB, ALB, )=M8SCCAGBI. AEBI. ALBI. AS, BS. Ac, Be, 
Al-B1i-AG.BO)S 


LSI LOGIC CORP 
GATES USED - 44 
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87/95/84 


18-91 


LOGIC OLAGRAN 


16 INPUT GATED 
INVERTING MUX 


NETWORK SCHEMATIC 


M1380 


(74138) 


GATED 3 TO 8 DECODER 


OUTPUTS ACTIVE LO 


M1380. 


a3 
L—] 
nm 
—_— 


Oo NN SLI. Pr. oOo 
Room oooOoo Oooo ooo << 


NETWORK SCHEMATIC 


LOGIC DIAGRAM 


eel geeveuriaeriaveleteleiniem 


é. 
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N om ~+ wn <auoz 


M1380 EXAMPLE 
MI3S8D0(G1»G2As 
03/11/83 


2(Z0521,2252Z3, 
G2B,A,B+C)§$ 


24,2Z5526127) 


Z6 
Z7 


LSI LOGIC CORP 


TT THE I 
ite 


— eS SITET 
re 


GATES USED = 23 


Gl. G2A G2B C 


18-92 
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8 INPUT INVERTING MUX M152C 


LOGIC O81AGRAM 


8 INPUT GATED MUX 


LOGIC O1AGRAM 


Tt —|—f—|—1—|—|—| 
oooTneTeaen & 
FMW —-Oo Zz 


NETWORK SCHEMATIC 


NETWORK SCHEMATIC 


DELAY Y 


MiS1C EXAMPLE 


Z(WeY) = M1510(00.01,02,03504.05506,07+sAeBsCy5N) $ 


GATES USED = 18 
M152C EXAMPLE ali 03/11/83 


Zz = M152C( 00 01,0203 °704,05,06,+07,A»B,C)§$ 


SI LOGIC CORP 
GATES USED = 20 : 03/11/83 
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DUAL 4 INPUT MUX QUAD 2 INPUT GATED MIS7C 
NON INVERTING MUX 


LOGIC BI AGRAN 


LOGIC DI AGRAN 


FR PRS PRS PRS PR ee eet et et 

Oooose qauooxexa 

Zw = Bw oS 
o>oara>c> 


ae om G3 C19 FO me 


A 5 


WETWORK SCHENATIC WETWORK SCHEMATIC 


MIS7C EXAMPLE 
¥QZ1922 023524) =MIS7CCALLB1»A2+B22A3>B3+A45B4+5>56N) $ 


MIS3C EXAMPLE LSI LOGIC CORP | LSI LOGIC CORP 
XC 12Z2e2Z) = MISIC(1005101,102.103»200-2D1, 03/11/83 GATES USED = 13 . : 
202,203,AsB,1GN+2GN) § GATES USED = 14 


03/11/83 
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M158C QUAD 2 INPUT GATED Misec 


INVERTING MUX 


NETWORK SCHEMATIC 


LOGIC D1 AGRAM 


MI1S8C EXAMPLE 
Y¥C21522523 524) =MISBC(AL,B1,A2+B2+A3+B95A41B455>GN) § 


GATES USED = 11 pe cr 03/11/83 


SYNC 4 BIT BCD COUNTER 
(74L5160) 


NETWORK SCHEMATIC 


MI6B0C 


LOGIC OF AGRAM 


DELAY 
DELAYS >Q0N 


M160C EXAMPLE 
Z(Q0A,0B8,0C,00-CO,QOAN,QBN,QCN,-QON) 
=MI60C(A:B»C,O0eL>CP,COyP,T)§ 

LSI LOGIC CORP 


GATES USED = 60 02/18/83 © 
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SYNC 4 BIT BCD COUNTER 
(74L5160) 


NETWORK SCHEMATIC 


M1600 M1600 


All 


CI 


LOGIC O1AGRAM 


2 


1h __t 


M1600 EXAMPLE 
Z(QA,QOB;O00C>Q0,CO )=MIb00(A,B»>C»D»L»CP»COrPsT) § 


LSI LOGIC CORP 
GATES USED = 50 03/08/83 


MI161C SYNC 4 BIT COUNTER MIGIC 
(74LS161) 


NETWORK SCHEMATIC 


<i 


LOGIC D1 AGRAM 


vod 
50 


f | 
ia 
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re 
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ODN 


MI161C EXAMPLE 
2(QA,08,0C,00,C0,0AN,Q8N,0CN,QO0N) 
=MI161C(A,B»,C,0,L>CP»P,T,COD)§ 


LSI LOGIC CORP 
GATES USED = 54 02/18/83 
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M162C SYNC 4 BIT BCD COUNTER M1610 SYNC 4 BIT BCD COUNTER M1610 
(74L5162) (74L5161) 


NETWORK SCHEMATIC NETWORK SCHEMATIC 


LOGIC OF AGRAM LOGIC OY AGRAM 


M162C EXAMPLE 


Z(QA,0B+0C0,00,+C0,0AN,QBN,QCN,QON) Mi6L0 EXAMPLE 
=M162C(CA,B,C,D+L»CL»CP>P,T) $ Z(QA,QB;OC°00,CO )=MIGID(AsBsCoDsLsCPeP oT» CO) $ 


LSI LOGIC CORP LSI LOGIC CORP 
GATES USED = §5 02/18/83 GATES USED = 60 03/29/83 
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SYNC 4 BIT BCD COUNTER M162D 
(745162) 


NETWORK SCHEMATIC 
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eet 


M1620 


a 
ive 


/\ 


z 


DoS | 


ND < 
104 
0 


oe : 
104 
Lod 
€ 


i=) 


J 


{\ 


< 
q 


0 
104 


BD: 
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M1620 EXAMPLE 


Z(QA,0B+OC,OD+CO )=MIG62D( ArBeCoDoLsClhyCPsPoT) S$ 
LSI LOGIC CORP 


N 
D 


a 


GATES USED = 62 


03/08/83 


M163C 


NETWORK SCHEMATIC 


i: 
>= 


GATES USED = 
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“SYNC 4 BIT COUNTER 


(74L5163) 


< 


LOGIC DIAGRAM 
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‘ MI63C EXAMPLE 
7(0A,0B,0C,+00,CO,QAN,OBN,OCN,QON) 
=MIG63C(AB,C+-D»+L»CL+CPsP,T)$ 


LSI LOGIC CORP 
| 02/02/83 
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M163F SYNC 4 BIT COUNTER MI63F 
(74L$163) OPTIMIZED FOR MAX CLOCK FREQ 


PY YT CP NETWORK SCHEMATIC A 


SYNC 4 BIT M1630 
BINARY COUNTER (74L5163) 


NETWORK SCHENATIC 


CP 


LOGIC DIAGRAM 
QA 


KC | 4 


M1630 EXAMPLE 
Z(QA,0B,00C,Q0,CO,=MIGID(AsBeC»O0»+L»>CL»CP»Py7) §$ 


LSI LOGIC CORP 
GATES USED = 61 04/18/84 


cCo<—oC} | 


GATES USED 
MIB3F EXAMPLE LSI LOGIC CORP 03/10/83 


Z(QA+08,QC,00,C0 Y=MIGBS3FCAsB>Cr0,L»CL»CPyePsT) § 
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M244C | M2440 
DUAL 4 BIT TRISTATE BUFFER 


ON CHIP 


4 BIT U/D COUNTER MI69C 
(74L5169) 


NETWORK SCHEMATIC 


LOGIC OLAGRAM 


LOGIC DLAGRAN 


DELAY 


[ ae 
+ 
M169C EXAMPLE 


Z(QA,0B,0C,00,CON )=MI69C(A,B-C»D»L+>CP»PN>TNeUP) § 


LSI LOGIC CORP 
GATES USED = 65 03/10/83 


M244C EXAMPLE 
ZC LYLs1V2elLY3e1V4e2Vle2V2s2Y3.2V4) = M244C 
CLAD sTA2s1A3r1A4e2A1 »2A2+2A3¥2A4e1GN+2GN) § 


CON 


LSI LOGIC CORP 
GATES USED = 24 03/11/83 
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M244XC M244XC 


DUAL 4 BIT TRISTATE OUTPUT BUFFER 
OFF CHIP 


LOGIC DIAGRAM 


M244XC EXAMPLE 
ZC LVL s1TV2s1Y3,1V4s2Y1s2¥2s2V¥3,2Y4) = M244XC 
CLALs PAZ, 1A3,1A4,2A1s2A222A9,2A4,1GN526N) § 


LSI LOGIC CORP 
GATES USED = 56 03/11/83 
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M2901 — 4 BIT SLICE ALU 


NETWORK SCHEMATIC aio 


M2901 


AADRO 23 


BADRO=3 


DESTINATION | SOURCE OPERAND FUNCTION 


DECODE DECODE DECODE 


EN ENO ENOO 


| M2901 EXAMPLE 
I 1 ZCOY3+Y2eY1sYO+RAMO3>RAMOO+003,Q00,ENO3+ENOO,ENOIN, 
ENOON»PNeGNsOVR»CN4+CN4NN>FEQON) =M2901(1 01112 


; 13514515 1617218 »AADR3»AADR2+AADR1 »>AADROsBADRI » 
\ / BADR2,BADRI »sBADRO+CK+,03502501,00,RAMI3,RAMIO>-QI13» 
r | | O10,CN+CNN)§ 
YO%3 FEQON FO F3 goo a30 
GATES USED = 744 poe LOSI Ey 09/21/83 
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PAR® PAR® PARS PARQ 
8 BIT ODD PARITY DETECTOR 9 BIT ODD PARITY DETECTOR 


NETWORK SCHEMATIC NETWORK SCHEMATIC 


md 
= 
= 


— 
i— 


) >——> 


LOGIC DIAGRAM 
LOGIC DIAGRAM 
IF NUMBER OF TRUE 


C1) INPUTS [5 ODD» 
THEN Z = |. 


IF NUMBER OF TRUE 
(1) INPUTS IS ODO, 
THEN Z = 1. 


= on7n Moo es > 


=—rTronrtmma ans > 


PAR&8 EXAMPLE PARS EXAMPLE 
Y(Z) = PAROCAsBeCoD,E>FsGsH) § Y(Z) = PARS(A,B,C,0,E+FsGeHs 1) $ 


LSI LOGIC CORP LSI LOGIC CORP 
GATES USED = 21 02/21/83 GATES USED = 24 | 02/21/83 
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PS2 PS2 
DIVIDE BY 2 EXTERNAL CLOCK PRESCALER 
WITH NO INPUT PROTECTION 


NETWORK SCHEMATIC 


LOGIC DIAGRAM 


PS2 EXAMPLE 
PS2(CP,CO)§ 


LSI LOGIC CORP 
GATES USED = 13 05/11/83 


P33 PS3 
DIVIDE BY 3 EXTERNAL CLOCK PRESCALER 
WITH NO INPUT PROTECTION 


r NETWORK SCHEMATIC 
LOGIC DIAGRAM 


oy 
“a 


PS3 EXAMPLE 
PS2(CP,CO)$ 


LSI LOGIC CORP 
GATES USED = 19 05/11/83 
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PS4 PS4 
DIVIDE BY 4 EXTERNAL CLOCK PRESCALER 
WITH NO INPUT PROTECTION LOGIC DIAGRAM 


4 BIT DATA REGISTER 


NETWORK SCHEMATIC 


LOGIC O1AGRAM 


NETWORK SCHEMATIC 


PS4 EXAMPLE R41 EXAMPLE 
PS2(CP,CD)$ 2(QA- QAN. QB- QBN, QC. QCN- QD. QDN)=R41 (A, B.C. D-CP)S 


LSI LOGIC CORP LSI LOGIC CORP 
GATES USED = 25 05/11/83 GATES USED = 20 
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02/81/83 


R42 
CLEAR DIRECT 


R42 
4 BIT DATA REGISTER, 


8 BIT DATA REGISTER 


NETWORK SCHEMATIC 


"roi" 
LOGIC DIAGRAM , ON 
. D o 
ez FO! 
r ON 


t Q 
Bu 


NETWORK SCHEMATIC 


LOGIC O01 AGRAM 


R@t EXAMPLE 
Z(QA,QAN,+OB+QBN-QC,QCN,O0,Q0N,Q0E,QEN, QF» QOFN,QCG,QGN, 


QH»QHN)=RO1C A+B» CeDsEvFe Goh CP) § 


R42 EXAMPLE 
Z(QAsQAN+ QBs OBNsOC+OCN,Q0,Q0N) =R42(A,8>C,0,CP,CO) S$ 


| : LSI LOGIC CORP | 
GATES USED = 24 02/01/83 | 
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LSI LOGIC CORP 
GATES USED = 40 | 02/01/83 


R82 8 BIT DATA REGISTER, 
CLEAR DIRECT NETWORK SCHEMATIC 


4 BIT SHIFT REGISTER 


LOGIC DIAGRAM 

LOGIC DIAGRAM 
o 
SR 41 


P OA QAN O8 QBN OC OCN OO ODN 


NETWORK SCHEMATIC 


R82 EXAMPLE 
Z(QA»QAN>0B,»QBN>0C,0CN,O00,00N,0£F,QEN>QF+OFN,QGyOGN, SR41 EXAMPLE 
QH»QHN)=R82(CAsBsCeOsvEsFyGyHsCPsCOD) § Z(QA,QAN,08,QBN,OC,QCN,O0,Q0N) =SR41(0,CP)$ 


LSI LOGIC CORP LSI LOGIC CORP 
CATES USED = ag 05/11/83 GATES USED = 20 63/11/83 
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SR42 1 SR43 SR43 
4 BIT SHIFT REGISTER 
a eee 4 BIT SHIFT REGISTER> SET DIRECT 


LOGIC DIAGRAM 


LOGIC O1AGRAM 


SR42 


QA QAN OB OBN QC QCN Q0 QON 


NETWORK SCHEMATIC 


| SR42 EXAMPLE . SR43 EXAMP 
Z(QA,QAN, QB» QBN,OC-QOCN,O0,Q0N) =SR42(0-CP,COD)§ Z(QA,QAN,08,QBN,OC>0CN,Q0-00N) = 


iE 
SR43(0°CP,S0)$ 


LSI LOGIC CORP | LSI LOGIC CORP 
GATES USED = 24 02/01/83 GATES USED = 24 07/06/83 
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SR44 4 BIT SHIFT REGISTER» 


SYCHRONOUS PARALLEL LOAD 


NETWORK SCHEMATIC 


LOGIC D1AGRAM 


SR44 EXAMPLE 
Z(QA,QAN+OB+ QBN, OC>QCN,QO0,OON) =SR44(S1,A+BsCsOvLyCP)$ 


LSI LOGIC CORP 


GATES USED = 29 02/01/83 
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| SR45 


GATES USED = 31 


4 BIT SHIFT REGISTER: SR45 
SYCHRONOUS PARALLEL LOAD AND CLEAR 


be: NETWORK SCHEMATIC 


Par 
I. 


LOGIC DIAGRAM 


5 


r 7 
1O4 
DU 


I 


TT 


== 
lh 4 
Sep = aoe 


SR45 EXAMPLE Op 


Z(QA,QAN,08,Q0B8N,Q0C-QCN,Q0,Q0N) =SR45 


(Sl,A+B-C,O+L>CL»CP)§ 


LSI LOGIC CORP 
02/02/83 


18-109 


SRAG 


4 BIT SHIFT REGISTER BIT SHIFT REGISTER, SR47 
ASYNCHONOUS PARALLEL LOAD SYNC CLEAR 


LOGIC DIAGRAM NETWORK SCHEMATIC 


LOGIC O1AGRAM 


SR46 EXAMPLE SR47 EXAMPLE 
Z(QA,QAN+ OB, QBN>QC,QCON,00,00N) =SR46(51 ,A+B+sC+O,L>CP)$ Z( 0A, QAN, OB, QBN; OC QCN, OD, QDN) =SR47(S1-CL+CP)$ 


LSI LOGIC CORP | LSI LOGIC CORP 
GATES USED = 40 02/01/83 GATES USED = 24 03/17/83 
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SYNCOL SYNCOI YNC10 SYNC1IO 
SYNCHRONI ZER FOR ASYNCHRONOUS SYNCHRONIZER FOR ASYNCHRONOUS 


0 TO 1 EVENT 1 TO 0 EVENT 


LOGIC D1 AGRAK | LOGIC DIAGRAM 


NETWORK SCHEMATIC NETWORK SCHEMATIC 


SYNCOL EXAMPLE SYNCiO EXAMPLE 
Z=SYNCOL(A,CP)$ Z=SYNCIOCA,CP)S$ 


LSI LOGIC CORP LSI LOGIC CORP 
GATES USED = 11 03/11/83 GATES USED = 11 03/11/83 
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